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Heat Capacity and Other Thermodynamic Properties 
of Linear Macromolecules. 

VII. Other Carbon Backbone Polymers 

Umesh Gaur, Brent B. Wunderlich, and Bernhard Wunderlich 

Department o/Chemistry, Rensselaer Polytechnic Institute, Troy, New York 12181 

The heat capacity of poly-I-butene, poly-I-pentene, poly-I-hexene, polyisobutylene, 
poly(4-methyl~I-penten~),polybutadiene,cis-I, 4~poly(2-~~hY!l?utadi~~~112Q!y~y~lQpen
iene, poTy(vinyfftuoride), polY(Vlnylidene fiuoride)~--polytrifluoroethylene, polytetrafluor
oethylene, poly(vinyl chloride), poly(vinylidene chloride), polychlorotrifluoroethylene, 
poly(vinyl alcohol), poly(vinyl acetate), poly(a-methylstyrene), poly(o-methylstyrene), po
ly(o-chlorostyrene) and a series of poly(vinyl benzoate)s is reviewed on the basis of 62 
measurements reported in the literature. A set of recommended data has been derived for 
each polymer. Entropy and enthalpy functions have been calculated for poly-l-hexene, 
polyisobutylene, cis-I, 4-poly(2-methylbutadiene), poly(vinyl chloride), and poly(a-meth
ylstyrene}. This paper is seventh in a series which will ultimately cover all heat capacity 
measurements on linear macromolecules. . 

Key words: enthalpy; entropy; fusion; glass transition; halogenated polymex:~; heat capacity; lineal· 
macromolecule; polyalkenes; polybenzoates; polystyrenes; vinyl polymers; vin}'lidene polymers. 
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lyesters, and linear macromolecules with hetero atoms and 
aromatic groups in th~ir main and side chains will be report
ed. 

::2iHeat-=Capacity-=of-=(lther-=--Garb_on~Bacl(bon~ 
Polymers 

2.1. Introduction 

Heat capacity analyses of carbon backbone polymers 
with large numbers of measurements available in the litera
ture have been reported earlier. These include polyethylene,2 . 

polypropylene,3 polystyrene,S 'and acrylic poly~ers.6 All 
other carbon backbone polymers with fewer data sets avail- . 
able are analyzed in this paper. The repeating unit, formula 
weight, crystal structure, density, melting temperature, heat 
of fusion, and glass transition temperature of these polymers 
are listed in Table 1.7,8 
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Table 1. Crvs 10al s truc tur~s and _thermal [!Toperties of various Vil!LL.E..~..!!!.~ __ ._. --_._--._--
Vinyl polymer Crystal syst. Uni t cell No. of 

PC:
3 

Cryst. T tollf P a l\l11orph. Tj! 
(formula wt.) Space group axes and u~its packing m 

(k.1 rr.OI- l ) (t\:m- 3) pack in!, 
~ tructurc of '·101. helix angles (Mit m ) dcnsi ty (K) tlcnsi ty 

(K) 

repea t uni t. (nm,deg.) _._------
Poly-l- TRIG 1.77 18 0.951 0.66 411 7.01 0.859 0.60 Z49 
butene 1 R"!c 1. 77 

(56.10) Z*3/1 0.65 
CH Z - CliCZH5-

Po1)'-l- TETR 1. 485 44 0.90Z 0.63 403 0.859 0.60 Z49 
butene II P4 1. 485 

(56.10) Z*11/3 
CHZ-CHCZHs-

1'oly-l- ORTH 1. 249 379 11.859 0.60 Z49 
butene III 0.896 

(56.10) 
Cllz-CHCZIlS-

opoiy-"T'" '~lO:-lO' 1-:-135- 1'Z-- (J."t)23-' 1/.'65" -'f(13'--o :3T lr;''Ss'o' .-U~- 733"-
pentene 2*3/1 2.085 

(70.13) 0.649 
CH Z-CHC31l 7- as 99.6 

Poly-l- ~!O~O Z. Z2 14 0.726 Z33 
hexene 2*7/Z 0.889 

(84.16) 1. 37 
't:II Z-t:HL 4Hg- y=94. !> 

Poly(4- Tl.!TR i.854 28 0.8Z2 0.57 523 9.93 0.838 0.58 302 
meth)'l-l- P4 1.384 
pentene) 2*7/2 

(86.16) 
(;"Z'(;II(CII 2-

CH('-CII3 ) z]· 

Po1yiso- ORT}! 0.694 16 O. ~64 0.67 317 12.0 0.915 0.63 200 
butylene 

i=!;!Zl 
1.196 

(Sb .10) 1.603 

~H2-C(CH3) Z-

1,4-Poly-
butadiene,cis MONO 0.460 1.011 0.68 284.6 9.Z0 0.902 ,. 0.61 171 

(54.09), - C2/c . 0.950 
CHL,CH=CH-CH.,t: a*1/1 0.860 

;t=-i-fi-9-

l,4-Po1y- MONO 0.863 1. 036 0.69 415 3.61 'Z15 
butadiene. PZl/a 0.9U 
trans 4*1/1 0.843 

(54.09) a=114 
CHZ - CHeCH- CHZ-

1. 4-Poly(2- ORTH 1.Z46 1.009 0'.68 301 4.36 0.910 0.61 ZOO 
methyl- Pbac 0.886 
butadiene) , 8*1/1 0.81 
cis 

(08.12) 
CHZ - CCH3 "'CH-

CH Z-

1. 4-Po1y (2- ORTH 0.783 1. 025 0.69 355.4 10.55 0.9"05 0.61 ZIS 
methyl- PZlZ121 1.187 
butadiene) , 4*1/1 0.479 
trans a 

(68.1Z) 
CHZ-CCH3=CH-CHZ-

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 
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Table 1. Crystal structures and thermal proj!erties of various vinrl ~olrmers- -Continued 

Vipyl polymer erys tal. sys t. Uni t cell No. of Pc Crystal T AUf 
Pa -3 

Amorph. Tg 
(formula ,~t.) Space group axes and units Ulg m- 3) packing m 

(kJ mOl-I) packing 
structure of ~Iol. helix angles density (Ji:) (Mg m ) density (K) 

reEeat unit. (~~.J 

Polycyclo- ORTH 0.728 1.051 0.71 159(ci~) 
pentene, Pnam 0.497 

l83(~) trans 5*2/1 1.190 
(h!f::"l2) 
CH=CH- (CH Z - ) 3 

Poly(vinyl ORTH 0.857 2 1. 430 0.72 503 7.54 314 
fluoride) Cm2m 0.495 

(46.04) 2*1/1 0.252 
CH2-CHF-

Poly(vinyl- ORTH 0.847 2.002 0.84 483 6.69 1.672 C.70 233 
idene CmZm 0.490 

--fluoride)- ~1/-l. U.2·S6 
(64.04) 
CHZ"CFZ"" 

Polytri- TRIG O.5S9 2.013 304 
fluoro- .0.250 
ethylene 

(8Z.02) 
CHF-CF z-

Poly tetra- TRIC 0.559 13 Z.347 0.80 600 :;.42 
fluoro- PI 0.559 
ethylene 1*13/6 1.688 

(100.02) 90 
CP2-CI' 2- .90 

1l!l.3 

Poly tetra- TRIG 0.566 15 2.302 0.78 2.000 0.68 
£luoro- (P31 or 0.566 

ethylene II P32) 1.950 
(IOO.OZ) 1*15/7 
CFZ-CfZ-

Poly(vinyl ORTII 1.040 1.471 0.68 546 11.0 LH II .IlS :;:;·1 
chloride) Pbcm 0.530 

(62.50) 4*1/1 D. 5 10 
CHZ-CHC1-

-Po1yfvtny-I-' -HO:fO-- --o-;uT3 -4 1-;-951'- {)-;--1-(i -4()-3- 01.-..-0(>- th-b4- ~!>----

idene PZl 0.468 
-chloilder 4ftl!I T:Z"S""4"-
(96.95) B=123.6 
CHZ-CClZ-

Polychloro- TKlli 0.034 14 l.il./. U.!>lI 4~~ 5.0l l.OS 0.54 .HS 
trifluoro- 3.5 
ethylene-

(116.47) 
CF2-CFC1-

P~~~~~~nl ~IONO 0.781 1.350 0.77 50S 6.87 1. 291 ().74 358 
P2l/m O. ZSl 

(44.05) 2ftl/l 0.551 
CIIZ~C\lOH- 8"'91.7 

Poly(vinyl 
acetate) 

305 

(86.08) 
CH2-CH(OOCCII3) -

Poly- a-methyl- TIHG 441 
styrene 

lUll. V) 
CIIZ -C (CII3)-

(C6HS)-

·.1 Dhue r.hollU" RAf n~t~ Vonl 1" Non 1 "QA~ 
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T'lble 1. Crystal structures and thermal propertics of various vinyl polymcrs--Continucd 

Vinyl polymcr Crvstal svst. Unit cell :\0. of 
(formula \-It.) spacc gro~r" axes and unj ts 
structurc of ~101. helix <J1l).!les 
.rcpcat uni t. (nlll, ,kg.) 

Poly-o-methyl- TETR 1.901 16 
styrcnc 14)cd O.tl!lI 

(1l8.17) 2"'4/1 
CI1 2-CH(C

6
H

4
CII

3
) -

Poly- 0-

chloro
styrcnc 

(138.60) 
CI!Z-Cl!(C6 lJ

4
Cl)-

Poly(vinyl 
benzoate) 

(148.15) 
-CHz-CII(.OOC6f!S) -

Poly(vinyl- p-
e thylben zoa tel 

(176.21) 
CH2-CII(OOCC61i4C2H5)- " 

Poly(vinyl-p-
; c:nprnpyl
benzoate) 

(190.23) 
CH2-CII(OOCC6H4C3H7) -

Poly(vinyl-p-
tert-hutyl
benzoate) 

(204.26) 
CHZ-CH(OOCC6H4C4H9) 

PC_
3 

Crystal 
( packing 
~!g m ) dcnsi t)' 

1.072 0.65 

600 

409 

392 

347 

330 

335 

394 

2.2. Recommended Heat Capacity Data and 
T~herm~n-a:mlcrEgnc1iQJg[~ 

2.2.1. Poly-1-butene 

data (discussed in Ref. 1). Details of these investigations are 
.!!VenUrTab1e2:H~capac!!!~s-o(f.9ur senngry~lline s~~_ 
pIes of various crystal forms and a molten sample have been 
1Jleasured from 22 to 630 K. 

Three investigatipns9,lO,l1 have been reported in the li
terature on the heat capacity measurements of poly-I-bu
tene. All the measurements meet our standards of acceptable 

The data on these samples are given in Tables Al to A3. 
Tables Al to A3 have been deposited with the Physics Amdl
iary Publication Service of the Alnerican Institute of Phy-

Tablc 2. Hcat capacity measurements of poly-I-butene 

Investigator Sample no., Temperature Experimental Source of 
characterization range (K) technique data" 

(claimed" unc-ertainty) 

Dainton et a1. 9. I sotactica 22 - 310 Adiabatic 
(l96Z~ [9] I"C = 0.44 (1\) Table 

IH1ski and 10 _ Isotacticb -:;, 
Gre\ver (1964) p"'0.94Mgm 260-430 Adiabatic Graph 
{10] (unreported) 

11. AtacticC 1 2S0 - 420 Adiabatic Graph 
L1l1 f " 0.1l5 k.J mol- (Unreported) 

p = 0.8795 ~IS 111- 3 

I"C 0.13 

12. IsotactiC~ -1 250-380 Adiabatic Graph 
L1l1f = 5.33 k.J mol (Unreported) 

P = 0.9294 Mg m- 3 

III' 
,. 

= U.70 

Bares and 13. ~Dltene , isotact~c 410-630 DSC Table 
Wunderlich (1\) 
(1973) [11] 

~he powder used was 44\ crystalline (X-rays) and contained 37% trigonal and 7% tetragonal 

crystals and was probably still converting slowly during the measureinents, although no 

evidence for this was found from the heat capacity measurements. 

bx- ray analysis shows that the crystalline fraction (w
c unknown) consists of approximately 

equal parts of trigonal and orthorhombic crystals. 

cPredominantly atactic sample contain~ng small crystalline (trigonal) portion. 

dExc1usively trigonal crystals. 

eOriginally tetragonal crystals. 

J. Phvs. Chern. Ref. Data. Vol. 12. No.1. 19as 
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Table 3. Recommended heat capacity data for semicrystalline 

(w c - 0.44) poly-I-butene -below the glass transition.
8 

T(K} Heat capacity 

(J mol- 1X' I ) 

0.0 0.0 

10.0 0.9595 

20.0 5.415 

30.0 10.20 

40.0 14.86 

50.0 19.26 

60.0 23.27 

70.0 -27.01 

80.0 30.69 

90.0 34.30 

100.0 37.78 

110.0 41. Hi 

120.0 44.35 

130.0 47.47 

140 .0 50.48 

150.0 53.38 

160.0 56.22 

170.0 59.08 

180.0 62.06 

190.0 65.14 

200.0 68.40 

210. () 71. 88 

220.0 75.05 

230.0 78.32 

240.0 81. ,9 

249.0(Tg ) 34.54 

aThe table may contain -more significant figures than 

justified by both source of data and data treatment. The extra 

significant figures are included only for the purpose of 

smooth representation. 

sics. Since the heat capacity data reported are for various 
crystal types and the data on these semicrystalline samples 
overlap over a very limited temperature range (250 to 330 K), 
the calculation of the heat capacity of crjstalline and amor
phous poly-I-butene from the crystallinity extrapolations 

100 200 300 400 500 600 
Temperature (K) 

FlO. 1. Rccollllncndcd heat capacity d<\ta for poly-i-butene (PBE), poly-i
pentene (PPE), and poly-l-hexene (PHE). 

Table 4. Recommended heat capacity data for -

molten poly-l-butene a 

T(K) Heat capaci ty 

(J mol- 1K- 1 ) 

249.0(Tg ) 107.6 

250.0 107.8 

260.0 109.7 

270.0 111.5 

273.15 112.1 

280.0 113.3 

290.0 115.2 

298.15 116:7 

300.0 117.0 

310.0 118.9 

320.0 120.7 

')3U.O IZZ .0 

340.0 124.4 

350.0 126.2 

360.0 128.1 

370.0 129.9 

380.0 131. 8 

390.0 133.6 

400.0 135.5 

410.0 137.3 

411. OCTm) 137.5 

420.0 139.1 

430.0 141. 0 

440.0 142.8 

450.0 144.7 

460.0 146.5 

470.0 148.4 

----~~--no.o --13-0:-2 

490.0 IS 2.0 

500.0 153.9 

510.0 155.7 

520.0 157.6 

530.0 159.4 

540.0 161. 3 

550.0 163.1 

560.0 164.9 

570.0 166.8 

580.0 168.6 

590.0 170.5 

600.0 172.3 

610.0 174.2 

620. () 176.0 

630.0 177. 9 

aThe table may contain more significant figures than justified 

hy both source of data and data treatment. The extra significant 

figures are included only for the purpose of smooth representation. 

using the two phase model was not attempted. Recommend
ed data for the heat capacity of semicrystalline poly-I-bu
tene (we = 0.44) from 0 K to the glass transition temperature 
(249 K) and of molten poly-I-butene from 249 to 630 K only 
have been derived. 

The heat capacity data on sample 9 are taken as the 
recommended data from 0 to 210 K. The heat capacity val-

-.J~5:LGhemLBef. Dataa:'lol .. 12. No.1. 1983 
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ues from 220 to 240 K are somewhat higher, because they are 
associated with the beginning of the glass transition. The 
recommended data from 220 to the glass transition tempera
ture 249 K were determined by linearly extrapolating the 
data below 220 K. The heat capacity. values from 180 to 210 
K were curve fitted into the equation 

Cp = 0.3272 T + 3.066 J mol- I K- 1
• (1) 

The rms deviation was 0.1 %. The recommended values 
for the heat capacities of poly-I-butene below the glass tran
sition are listed in Table 3 and plotted in Fig. 1. 

The recommended data on heat capacity of molten 
poly-I-butene were determined by curve fitting the data on 
samples 10, 11, and 13 from 390 to 630 K into the equation 

Cp = 0.1843 T + 61.73 J mol- I K- 1
• (2) 

The rms deviation was 0.7%. Equation (2) was used to 
calculate the heat capacity of molten poly~ I-butene from 249. 
to 630 K. These values are listed in Table 4 and plotted in 
Fig. 1. 

2.2.2. Poly-1-pentene 

Only one investigation 12 has been reported in the litera
ture which deals with the heat capacity of poly-l-pentene. 
The investigation meets our standards of acceptable data 
(discussed in Ref. 1). Details of this investigation are given in 
Table 5. Heat capacities of an amorphous atactic and two 

semicrystalline isotactic samples have been reported from 
200 to 460 K. The data on these samples are given in Tables 
A4 to A6. These tables have been deposited with the Physics 
Auxiliary Publication Service of the American Institute of 
Physics. 

Below the glass transition temperature, the heat capac
ity of amorphous atactic and semicrystalline isotactic sam
ples are in fair agreement. Thus the heat capacity just below 
the glass transition temperature is largely independent of 
crystallinity. To derive the recommended data from 200 K 
to the glass transition temperature (233 K), the data on all 
the three samples were curve fitted into the equation 

Cp = 0.296 + 28.7 J mol- 1 K- 1
• (3) 

The rms deviation was 2.1 %. Heat capacity values from 200 
to 233 K calculated from Eq. (3) are listed in Table 6 and 
plotted in Fig. 1. 

The recommended data on heat capacity of molten 
poly-l-pentene were determined by curve fitting the data on 
the atactic sample above Tg and the isotactic samples above 
T m (Table A6) into the equation 

Cp = 0.294 T + 56.14 J mol- I K -I. (4) 

The rms deviation was 0.7%. Equation (4) was used to calcu
late the heat capacity of molten poly-l-pentene from 233 to 
479 K. These values are listed in Table 7 and plotted in Fig. 
1. 

Gianot ti and 14. Atactic ZOO-410 DSC Tablea 

Capizzi (1968) M •. ; 490,000 (H) 
[ III c Iv 

IS. Isotactic (Form I) ZOO-470 DSC Tablc a 

1~ 
c " O. 4Zb (1%) 

1(j. Il>U Li:"_li" (l'UrlU II) cnO-460 DSG Tlib 1", a 

w c 0.54b (H) 

a Data I~cre interpolated using spline function technique to give heat capacities 
at evr:::a-y ten degree lntcL val. 

bcrystallinity estimated from nCp at the glass transition. 

'f.ab le6.-Recommended-h.eat._cap.ad t.y.._data .. .iol 

T(K) H", .. L ,-up"H_lly 

(J mol-1K- 1) 

200.0 87.90 

210.0 90.86 

220.0 93.82 

230.0 96.78 

233.0CTg) 97.67 

aThe table may contain more significant figures than 

justified by both source of data and data treatment. The 

extra s igniticant figures are included only for the purpose 

of smooth representation. 
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Tab Ie 7. Recommended hea t capaci ty data 

for molten poly-1-pentene. 

240.0 126.7 

250.0 119 7 

260.0 132.6 

270.0 135.5 

273.15 136.5 

280.0 138.5 

290.0 141. 4 

298.15 143.8 

300.0 144.4 

310.0 147.3 

320.0 1S0.2 

~:50.0 15::5. Z. 

340.0 156.1 

350.0 159.1 

360.0 262.0 

370.0 165.0 

380.0 167.9 

390.0 "170.8 

400.0 173.8 

403.0(Tm) 174.7 

410.0 176.7 

420.0 179.7 

430.0 182.6 

440.0 185.5 

gO 0 199. S 

460.0 191. 4 

470.0 194.4 

aTne table may contain more significant figures than 

justified by both source of data and data t"r"eatment. The 

extra significant figures are included only for the purpose 

of smooth representation. 

Investigator 

Bourdariat 
et a1-
( 1973) 
[13. 14] 

Sample no. 
characte ri zation 

1. Nn 350,000 

Nw ; 1,050, DOD 

Cooled at 250 1\ 

-p = 0.3540 

W
C 

= 0 (X-Ray) 

2.2.3. POly-1-hexene 

Only one investigation13
,14 has been reported in the li

terature which deals with the heat capacity of poly-l-hexene. 
The investigation meets our standards of acceptable data 
(discussed in Ref. 1). Details of this investigation are given in 
Table 8. The heat capacity of a quenched. amorphous sample 
has been measured from 20 to 290 K. The sample was then 
cooled slowly at 0.15 K h -1 and the heat capacity was re
measured from 35 to 250 K. An anomalous behavior just 
outside the error limits was observed at 80 K. The data on 
both the samples are given in Table A7. Table A 7 has been 
deposited with the Physics Auxiliary Publication Service of 
the American Institute of Physics. Heat capacity data on the 
quenched and slowly cooled samples agree within 0.3%, ex
cept ~ the temperature range from 60 to 100 K. 

The heat capacity data on sample 1 are taken as the 
recommended data from 0 to 190 K. The heat capacity val
ues at 200 to 210 K are somewhat higher, because they are 
associated with the beginning of the glass transition. The 
data from 200 to 223 K( Tg) were determined by linearly 
extrapolating the data below 200 K. The heat capacity val
ues from 170 to 190 K were curve fitted into the equation 

Cp = 0.5645 T - 0.8067 J mol- 1 K- 1
• (5) 

The rms deviation was 0.1 %. The recommended data on the 
heat capacity of amorphous poly-l-hexene are listed in Table 
9 and plotted in Fig. 1. 

The recommended data on the heat capacity of molten 
poly-l-hexene were determined by curve fitting the data on 
both quenched and slowly cooled samplcs above the glass 

" transition into the equation 

______ Sp_-=:Q.,?791T ±_6_~~§?}~~=-~_~,:::-"~~ (6) 

The rms deviation was 0.6%. Equation (6) was used to calcu
late the heat capacity of molten poly-1-hexene from 223 to 
290 K. These values are listed in Table 9 and plotted in Fig. 
1. 

Temperature Experimental Source of 
runge (1\) technique data 

(claimed uncertainty) 

20-290 Adiabatic Table 
(0. 4~) 

2. Sample 1 cooled at 320- 250 Table 
O.15Kh- 1 

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 
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Table 9. Recommended thermodynamic data for amorphous 

poly-l-hexenea 

T(K) Cp H~ - Hg 5~ - S~ 
(J mol- 1K-I) (J mol-I) (J rnol- 1K- J) 

0.0 0.0 0.0 0.0 

20.0 9.091 90.91 4.55 

25.0 12.35 144.5 6.92 

30.0 16.42 216.4 9.52 

40.0 24.00 418.5 15.26 

50.0 30.16 689.3 21.27 

60.0 36.71 1023 27.35 

70.0 42.67 1420 33.46 

80.0 48.33 1875 39.52 

90.0 53.74 2385 45.53 

100.0 59.08 2950 51.47 

110.0 64.30 3566 57.35 

120.0 69.61 4236 63.17 

130.0 74.68 4957 68.94 

140.0 79.88 S 730 74.67 

150.0 84.96 6554 80.35 

160.0 89.69 7428 85.99 

170.0 95.11 8352 91.59 

180.0 100.9 9332 97.19 

190.0 106.4 10368 102.8 

200.0 112.1 11460 108.4 

210.0 117.7 12609 114.0 

220.0 123.4 13815 119.6 

223.0(Tg ) 125.1 14188 121. 3 

223.0 (Tg) 150.2 14188 121. 3 

230.0 152.8 15248 126.0 

240.0 156.5 16794 132.6 

250.0 160.2 18378 139.0 

260~O 163-:9 1999'8" T4S-:-4 

270.0 167.6 21655 151.6 

273.15 168.7 22185 153.6 

280.0 171. 3 23349 157.8 .. 
Z90.0 175.0 25081 10:5 .9 

aThe table may contain more significant figures than 

ju"ti£icd by both ""ou:,..;;c or d .. t" dnd.Ll .. ta I.<'c .. llll"nl. Th", 

extra significant figures are included only for the purpose of 

smooth representation. 

Enthalpy and entropy of amorphous poly-I-hexene 
were calculated from 0 to 300 K by numerically integrating 
the heat capacity data. These thermodynamics functions are 
listed in Table 9. 

2.2.4. Polylsobutylene 

Two investigations1S
•
16 have been reported in the litera

ture on the heat capacity measurements of polyisobutylene. 
Both the measurements meet our standards of acceptable 
data (discussed in Ref. 1). Details of these investigations are 
given in Table 10. The heat capacity data for atactic, amor
phous samples have been reported from 14 to 380 K. The 
data on these samples are given in Table A8. Table A8 has 
been deposited with the Physics Auxiliary Publication Ser
vice of the American Institute of Physics. Heat capacity data 
associated with somewhat larger error limits have also been 
reported by Egorov and Kilesso 18 on an uncharacterized 
sample. 

More reCent heat capacity data on a sample of higher 
molecular weight (sample 32) are taken as recommended 
data from 15 to 180 K. The heat capacity values from 190 to 
200 K are somewhat higher, because they are ass~ciated 
with the beginning of the glass transition. The recommended 
data from 190 to 200 K were determined by linearly extrapo
lating the data below the glass transition. The recommended 
data from 160 to 180 K were curve fitted into the equation 

(7) 

The rms deviation was 0.1 %. The recommended values for 
the heat capacity of glassy, amorphous polyisobutylene are 
~ted in l)tble 11_~l!c!plotted in Fig. 2. 

The recommended data on the heat capacity of molten 
polyisobutylene were determined by curve fitting the data on 
sample 32 from 210 to 380 K into the equation 

Cp = 0.2446 T + 36.71 J mol- 1 K- 1
• (8) 

The rms deviation is below 0.3%. Equation (8) was used to 
evaluate the heat capacity of molten polyisobutylene from 
200 to 380 K~ These values are listed in Table 11 and plotted 
in Fig. 2. 

T~ble 11\. Il.t?at capacity llloS)Q.SUT.ements of r~l}'i~ohutvlon~ __ =============== 
Investigator Sample :'-10. Temperaturc 

range (K) 

!'<'rry :tn,! 
Park 
(1936) [IS) 

Furukawa and 
Reilly 
CBSu) [10] 

characteri za tion 

", A'!'".-'!';/'" l?O-?c)O 
f.in = 4,900 

p = 0.9074 rng m - 3 

32. Atactic; 
Vistanex B-IOO 
(r;:.:.u SL<lIIU ... U 
Oil) 

My = 1,350, 000 

~Iv = 1,560,000 

14 - 380 

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 

'-~----'-"- .. -
Experimcntal '""" Sou"rce--oC 
technique data 
(claimed ullcertainty) 

:\nf."T"l) 1.1 
(Unreported) 

A<.liabatic 
(Unreported) 

T:>bll? 

Tahle 
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Table 11. Recommcnded. thermodynamic data for poly i sohuty! cnc 

T(K) r. II~ lI a Sa Sa 
r 0 T 0 

(.J nlOl·IK' l ) (.J mol· I ) (J mOI·1K-1) 

0.0 0.0 0.0 0.0 

IS.0 :;.008 22. 56 1.504 

20.0 4.663 41.74 2.588 

25.0 6. :SOl 69.15 3.801 

30.0 7.839 104.5 5.085 

40.0 10.76 197.5 7.74 

50.0 ) 3 .6!1 319.7 10.45 

60. () ) (,.78 472.1 13.22 

70.0 20. If) 656.5 16.05 

80. () 23.65 875.2 18.97 

90. [I 27.34 IJ3() 21.96 

1 no n 'In. <17 1 ~71 2'>.03 

110. n 34. S8 1749 21L 15 

120. (I 31l. lS 2113 31. 31 

13[1. 11 41.72 2518 34.56 

140. () 15.20 295:; 37.78 

IS0.0 48. S9 3422 41.01 

160.0 51. 82 3:124 44.25 

170. () S5.01 4458 "7.49 

1S0.0 58. n 7 SOZ:; 50.72 

190.0 b l. 22 Sb2l1 53.94 

zoo. n (T g) {",::).:;·1 h 247 S 7 • 1 (~ 

200.Il(Tg l 35.63 6247 57. 16 

Z lO. () 8S. 117 711 (1 61.41J 

220. [) 90.52 80119 65. SS 

230.0 92.97 SD26 69.63 

240. n 95.41 98(18 73.64 

1.50 .. D. !L7._8.6. 1083.5. 77.58 

260.0 100.3 11825, 81. ~7 

270.0 102. 7 12840 8S.30 

273.15 103 • .5 13164 86.50 

280.0 105. :: IJl\5() 8!)'. Oil 

290.0 107.6 14944 92 .32 

298.1S ]09.6 15!\28 95.83 

30D.O llO .1 HJ032 96.51 

310. (1 112.5 . 17145 100. 2 

320.0 115.0 18283 103.8 

330.0 117.4 19445 107.3 

340.0 119.9 Z(}631 1l0.9 

350.0 122.3 21842 114.4 

360.0 124.8 23078 117.9 

.570.0 ] 27.2 24338 121.3 

386:0 129: 7 25622 124.7 

3The table may contain more signi ficant fi~ure$ than 

justified by both source .of data and data treatment. The 

extra significant figures arc included only for the purpose 

of smooth representation. 

a 

Enthalpy and entropy of amorphous polyisobutylene 
were calculated from 0 to 380 K by numerically integrating 
the heat capacity data. These thermodynamic functions are 
listed in Table 11. 

150~----~------~-------'------' 

1201-------+-----,-

Cp 

(JmorIK·1)1--... --...... ---+ 

60 

30 

100 200 300 400 
Temperature (K) 

FIG. 2. Recommended heat capacity data for polyisobutylene (PIB}, poly(4-
methyl-l-pentene) (P4MIP), cis-I, 4-poly(2-methylbutadiene) 
(P2MDD). and polycyclopcntcnc (PCPn). 

2.2.5. Poly(4-methyl-1-pentene) 

Two investigations 19,20 have been reported in the litera
ture on the heat capacity measurements on poly(4-methyl-l
pentene). Both the investigations meet our standards of ac
ceptable data (discussed in Ref. 1). Details of these 
investigations arc given in Table 12. Heat capacities of four 
samples of crystallinity from 0.28 to 0.65 have been mea
sured over a temperature range of 85 to 540 K~ The data on 
these samples are given in Tables A9 to All. Tables A9 to 
All have been deposited with the Physics Auxiliary Publi
cation Service of the American Institute of Physics. 

-.Below_the_glass_transition.temperature,the.heat.capac
ity has very limited dependence on the c,rystallinity. The rec
ommended data on the heat capacity of poly(4-methyl-l
pentene) below the glass transitionwere determined by curve 
fitting the data on samples 5, 6, 7, and 8 from 80 to 290 K into 
the equation 

Cp = exp[O.158247(ln T? - 2.35568(1n T)2 

+ 12.468(ln T) - 18.862] J mol- 1 K- 1
• (9) 

The rms deviation was 0.5%. Equation (9) was used to calcu
late the recommended values from 80 to 303 K. These data 
are listed in Tab1e 13 and p10tted in Fig. 2. 

.t\~qy~_ t~e glass transitionJhe 1:J..e.ai~pacity.~.a.!~JIa.!:>.I~_ 
AIO) are available for samples of very similar crystallinity 
only. The data are in quite good agreement, but cannot be 
extrapolated with respect ~o crystallinity to determine the 
heat capacity of completely crystalline and amorphous 
poly( 4-methyl-l-pentene)s. 

The heat capacity data for molten poly( 4-methyl-1-pen
tene) (Table All) are available over a very limited tempera
ture range (520 to 540 K). Since the heat capacity-tempera
ture slope is not well established, it would not be very 
accurate to extrapolate the molten heat capacity values 
down to the glass transition temperature. 
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Table 12. Heat capacity measurements of poly(4-methyl-}-pentene) 

lnves tiga tor Sample no .• Temperature Experimental Source of 
-eha racteri za tion range (K) technique data 

(claimed uncertaint}:) 

Karas z et al. 5. Powder 80-420 Adiabatic Table a 

(1967) [ 19] IP4~lP; Union Carbide) (0.4% ) 
l-lv = 140,000 

-3 
p '" 0.8325 Mg m 

6. Sample 5 cooled from 270-540 Adiabatic 270-420 K:Table a 

423 K at 10K h-1 (0.4%) 5~~~!~~o!& aIlf = 3.01 kJ mol- 1 

\01 
c 0.29 

7. Sample S cooled. from IOO-!j40 Adi .. b"ti" 100-460 K;Toul"a 
538 K at 10 K h-1 (0.4%) 520-540: 
!lllf 2.89 kJ mo1- l Equationb 

l\' 
c 

0.28 

Melia and 8. Commercial Research 80-310 Adiabatic Table 
Tyso.n (1967) Sample (Unreported) 
[ 20] (I.e. I.) -3 

p 0.83 ~lg m 
w = 0.65 (x rays) 

aData were interpolated using the spline function technique to give heat 

capaci ties at every ten degree intervals. 

bnata above the melting transition on samples 6 and 7 were curve fitted into 

the equation C
p 

'" 0.3368 T + 74.51 J mo1- l K- 1 .(RHS dev. = 0.2%). This 

, equation was used to calculate the heat capacity of molten poly(4-methyl-1-pentene) 

li£t .. d in tabl .. All_ 

Table ! -, _ Recommended heat capacity data for 

poly(4-meth)-J.- I-pentene) 'below the glass transition a 

T(K) Heat capaci ty 
(J mo 1 -1 K - 1) 

80.0 47.21 

90.0 52.54 

100.0 57.52 

110.0 6i .22 

120.0 66.72 

130. r. 71. 06 

140.0 75.29 

DO. U 19.45 

160.0 83.57 

170.0 87.66 

180.0 91. 75 

190.0 95.87 

200.0 100.0 

210.0 104.2 

220.0 108.4 

230.0 112.8 

240.0 117.1 

250.0 121. 6 

260.0 126.2 

270.0 130.8 

273.15 132.3 

280.0 135.6 

290.0 140.4 

298.15 144.5 

300.0 145.4 

303.0(Tg) 147.0 

aThe table may contain more significant fi_,-ul"t''': than 

justified hy both source of data and data treatment. The 

extra significant figures are included only for the> purpose> 

of 3mooth rcprc:Jocntation. 

J. Phys. Chem. Ref. Data. Vol. 12. No.1. 1983 
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Table 14. Heat capacity measurements of 1,4-polybutadiene 

Tnhlc 15. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

.,(1(1 

310 

320 

330 

340 

Investigator Sample no., 
characteri zation 

Dainton et al. 45. trans-I,-I-po1ybutadiene 
(1962) [9] 96."'TI' pure 

lIeat capac i ty of 

in .J mol- 1(1 

4S 

(fl Hflll<;) a 

(4.819) 

9,704 

14.39 

18.74 

22. 56 

2S.89 

29.00 

32.02 

34.98 

37.86 

40.70 

43.53 

46.26 

48.99 

51. 71 

S4.52 

57.88 

glass transition 

68.80 

7-1.21 

7S.7(1 

83.46 

88.60 

94.39 

100.6 

107.2 

114.3 

121. 9 

133.0 

182.3 
c 

124.1 

135.5 

14 7.5 

t\\O 

3.8% 1,2 addition 

46. ~!~- ;~:~POlybutadiene 
3t trans i ,.;ol!ler 
3~ 1,2 addition 

1,4-polybutadicnes 
d 

-Itl 

(L179)b 

(6.523) 

11. 79 

16.15 

19.98 

23.18 

26.16 

29.07 

31. 87 

34.63 

37.34 

40.05 

42.82 

4S. 6 2 

48.50 

S3,93 

glass tr~nsi!i_~E 

69.72 

73.78 

75,83 

79.62 

meIting 

95.79 

97.52 

99,09 

100.6 

101.8 

a lleat capacities above 22 K \~ere fitted into the Debye 

fUnction Cp = 18. 79 DC\~) to obtain data at 10 and 20 K. 

bHeat capacities above 22 K were fitted into the Debye 

function Cp = 21. 53 DC Ii 2) to obtain data at 10 and 20 K. 

cP1anar zig - zag chain conformation to hel ica1 conformational 

transition. 

dSample numbers correspond to the samples described in 

table 14. 

Temperature Experimental Source of 
range CK) technique ,data 

(claimed uncertainty) 

22 - 340 

22-310 

Adiabatic 
(1%) 

Adiabatic 
(H) 

Table 

Table 

2.2.6. 1,4-Polybutadiene 

1,4-polybutadiene has several stereochemical modifica
tions. Heat capacity measurements have been made for the 
two geometrical isomers cis-l,4-polybutadiene and trans-I, 
4-polybutadiene by Dainton et al.9 The measurements meet 
our standards of acceptable data (discussed in Ref. I). Details 
oftheir investigation ~e given in Table 14. The data on these 
samples are given in Table 15. 

Earlier measurements by Furukawa and McCoskey21 
were made on impure samples and are thus not included 
here. Yagfarov22 and Stellman et al.23 have also measured 
heat capacity of various 1, 4-polybutadienes, but only over a 
very limited temperature range. 

Heat capacity measurements of Dainton et al. 9 were 
made on slowly cooled, semicrystalline samples of unknown 
crystallinity. Below 80 K, the cis-I, 4-polybutadiene has a 
higher heat capacity (decreasing from 20% at 20 K to zero at 
80 K). From 80 K to the glass transition temperature the 
heat capacities are about equal. Above the glass transition 
the -as~ C ~polyoutaoreiie-snows sigtisoCdefect rearrange
ment and melting. 

2.2.7. ciS-1, 4-Poly(2-methylbutadiene) 

Perhaps the fh-st heat capacity measw-ement on any 
polymer was made on natural rubber in 1889 by Gee and 
Terry.24 Later measurements were made by LeBlanc and 
K roger in 1 (n~t 25 High preci~ion heat ~apacity mea~nre
ments on natural rubber were made in 1935 by Bekkedahl 
and Matheson26 between 14 and 320 K, who discussed other 
early measurements on rubber. After several decades, a re-

. yieJV by Gehtna_n2~_Q!1_t~e !4.~~~I __ 4i.ffll.§~yi!Y_Qf nat~~~r:~b
ber showed discrepancies in Bekkedahl and Matheson's 
data. Wood and Bekkedahl28 found on reexamination of 
heat capacity data on many rubberlike substances that above 
the glass transition temperature (200 K), between 213 and 
298 K, slow crystallization changed their original data to 
lower values. Qualitative data on filled rubber by Hellwege et 
al. 29 support this conclusion. Based upon newer knowledge 
of crystallization in rubber, Wood and Bekkedahl proposed 
adjustments to their original data of 1935 to provide more 
refined data for cis-I, 4-poly(2-methylbutadiene). Chang and 
Bestul33 have reported heat capacity values for a synthetic 
sample of the polymer. Synthetic cis-I, 4-poly(2-methylbuta
diene) crystallizes much more slowly than natural rubber. 

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 
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~:ab1e lb. lIeat capacity measurements. of d.!i-1,4-poly(2-methylbutadiene) 

Investigator 

Chan!: amI 
Bestul 
(1971) 
[33] 

Sample no., 
cha racteri zation 

26. Contains 3";; cis-3,4-poly-
i !>oprenc auaU addi tives. 

Drietl at 253 K under vacuum 
for 24 h. Cooled through 

;~ ~~5 I / f~~ 1 4~n~. annealed 

27. Sample 20 qucnCl1etl through 
T at S K min-I. 

g 

Temperature 
range (K) 

20 - 200 

l.U-joO 

Experimental 
technique 
(claimed uncertainty) 

Adiabatic 
(0.05% above 15 K) 

Source of 
data 

2-9 K: 
Equationa 

10-200 K: 
Table 

i\<1iabatlc l-Y K: 
(0.05% above 15 K) Equationb 

10-360 K: 
Table 

:JAuthors tabuiated data from 2.5 to 10.6 K \;Iere curve fitted into the equation 

C
p 

= exp[0.01l6251 (lnT) 3 - 0.603157 (lnT)2 + 4.6949 (lnT) - 6.88471] - J mo1- l K- l 

(R~IS .lev. = 0.3'.). 

b"uthors tabulated data [rol11 2.2 to 10.7 K I,as curve fitted into the equation 

C
p 

o:l.p[-\)'0535849 (ln1)3 - 0.255451 (lnT)2 + 4.08355 (lnT) - 6.51(16) J mo1- 1K- 1 

(R~IS dev.= 0. 9~) 

Heat capacity of natural rubber has also been analyzed 
as a functiQn of elongation. Mayor3° and Mayor and Bois
sonnas31 have reported the heat capacity of stretched rubber 
up to several hundred percent elongation at 286 and 298 K. 
No change in heat capacity was discovered as long as no 
crystallization occurred during elongation. Dynamic heat 
capacity measurements to study the effects during elonga-

Table 1:. Rccommended thermodynamic data for amorphous 

cis -1, 4-p01y (2-methy1 butadienel 

T(l() 

0.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

15.0 

20.0 

25.0 

30.0 

40.0 

50.0 

-60.0-

70.0 

80.0 

90.0 

100.0 

110.0 

120.0 

130.0 

140.0 

1 ~n. n 

160.0 

170.0 

180.0 

Cp -
(J m01- 11\-1) 

0.0 

.0218 

.0899 

.226 

.437 

.721 

1. 07 

1. 48 

1. 92 

2.41 

5.23 

8.32 

11.36 

14.24 

19.54 

24.34 

28.83 

33.06 

37.07 

40.90 

44.58 

48.12 

51. 57 

S4.93 

58.23 

61 48 

64.70 

67.89 

71. 06 

0.0 

0.0218 

0.0777 

0.236 

0.567 

1.14 

2.03 

3.31 

5.01 

7.17 

26.27 

60.15 

109.3 

173.3 

342.2 

561.6 

--8-27-.5 

1136 

1487 

1877 

2304 

2768 

3266 

3799 

4365 

5594 

6257 

6952 

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 

0.0 

0.0109 

0.0313 

0.0746 

0.147 

0.250 

0.385 

0.554 

0.753 

0.981 

2.45 

4.37 

6.54 

8.87 

13.68 

18.56 

28.16 

32.84 

37.43 

41.93 

46.34 

50,68 

54.94 

59.13 

63.26 

67.33 

71.35 

7S.32 

tion have been made by Dick and Miiller.32 

Heat capacity of quenched and annealed cis-I, 4-poly(2-
methylbutadiene) has been measured by Chang and Bestul. 33 

The details of the measurements from 2 to 360 K are given in 
Table 16. The data onthese samples are given in Table A12. 
Table A12 has been deposited with the Physics Auxiliary 
Publication Service of the American Institute of Physics. 

Table 17. Recommended thermodynamic data for amorphous 

ili -1; 4-po1y(2-methylbutadiene)- -Con tinueda 

T(K) 

190.0 

200. 0 (~g)~ 
200.0(Tg )b 

210.0 

220.0 

230.0 

240.0 

250.0 

260.0 

270.0 

273. 15 

280.0 

290.0 

298.15 

300.0 

310.0 

l2.Q,..Q 

330.0 

340.0 

350.0 

360.0 

74.85 

78.03 

108.9 

111.0 

112.8 

114.7 

116.7 

118.7 

120.9 

123.2 

123.9 

125.4 

127.8 

129.7 

130.2 

132.6 

135.0 

137.5 

139.9 

14l.4 

144.8 

H~ - H; 
(J mOl-I) 

7681 

8446 

8446 

9545 

10664 

11802 

12959 

14136 

15334 

16554 

16943 

17797 

19063 

20119 

20353 

21667 

2~3!!Q.i 

24367 

25754 

;tllbb 

28602 

79.27 

83.19 

83.19 

88.55 

93.76 

98.82 

103.7 

108.6 

113.2 

J.LI.~ 

119.3 

122.4 

126.8 

130.4 

131. 2 

135.5 

P9 .. 7 

143.9 

148.1 

15Z. Z _ 

156.2 

aThe table may contain more significant figures than 

justified by both source of data and data treatment. The 

extra significant figures are included only for the purpose 

of smooth representation. 

b nata at the glass transition temperature were obtained 

by linearly extrapolating the heat capacity values above and 

be low the g1 aSS trans it ion temperature. 
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The heat capacity of the quenched cis-I, 4-poly(2-methylbu
tadiene) is higher than that of the annealed sample. The dif
ference is about 2% below 15 K; it decreases to 0.1 % 
between 35 to 100 K and then increases to 1 % at 190 K. The 
lower heat capacity of the annealed sample can be attributed 
to a small amount of crystallinity. Data on quenched sam
ples are recommended for the heat capacity of amorphous 
cis-I, 4-poly(2-methylbutadiene). These values are listed in 
Table 17 and plotted in Fig. 2. . 

Using Chang and Bestul's data on sample 27, the enth
alpyand entropy of amorphous cis-I, 4-poly(2-methylbuta
diene) were calculated from 0 to 360 K. These thermodyna
micfunctions are listed in Table 17. 

2.2.8. Polycyclopentene 

Only one investigation34 has been reported in the litera
ture which deals with the hea£ capacity of polycyclopentene. 
Heat capacity of an amorphous sample consisting of 78% 
trans and 22% cis bonds (Tg = 173 K) has been measured 
over the temperature range of 10 to 320 K using an adiabatic 
calorimeter (claimed uncertainty 0.3%). The investigation 
meets our standards of acceptable data (discussed in Ref. 1). 

Recommended data for amorphous polycyc1opentene 
below the glass transition w_ere determined by interpolating 
the authors' tabulated data using the spline function tech
nique. These data are listed in Table 18 and plotted in Fig. 2. 

Recommended data for molten polycyc1opentene were 
determined by curve fitting the authors' tabulated data into 
the equation . 

Cp = 0.2412 T + 60.38 J mol- 1 K-l. 

Table 18. Recommendeu heat capaci ty data for amorphous 

polycyclopentcne bc1o\~ the ~lass transitiona 

T(K) Ilea t capac i ty 

(.J \lI,Ol-lK- 1) 

().O 0.0 

10.0 0.5821 

20.0 3.453 

30.0 9.132. 

40.0 16.38 

50.0 23.62 

60.0 29.59 

70.0 34.33 

80.0 38.23 

90.0 41. 61 

. TlTO-:O- ~·4; 9"6 

110.0 48.47 

120.0 52.20 

130.0 56.07 

140.0 60.03 

150.0 64.00 

160. () 67.94 

170.0 71. 85 

173.0 f Tg ) 73.20 

aThe table may contain more;; igni ficant figures than 

justified by both $ource of data and data treatment. The 

extra signi ficant figures arc included only for the purpose 

of smooth representation. 

Table 19. Recommended heat capacity data for 

mo 1 ten po1ycyc1opentene a 

T(K) Heat capacity 
(J mol -lK-l) 

173.0(Tg) 102.1 

180.0 103.8 

190.0 106.2 

200 _ 0 108.6 

210.0 111.0 

220.0 113.4 

230.0 115.9 

240.0 118.3 

250.0 120.7 

260.0 123.1 

270.0 125.5 

273.15 126.3 

280.0 127.9 

290.0 130.3 

298.15 132,3 

300.0 132.7 

310.0 135.2 

320.0 137.6 

"The table may contain more signiticant tir,ures than 

justified by both source of data and data treatment. The 

extra significant figures are included only for the purpose 

of smooth represen ta t ion. 

The rms deviation was 0.2%. These data are listed in Table 
19 and plotted in Fig. 2. 

2~Z.9~-Poly(vinyl fluoride) 

Only one investigation35 has been reported in the litera-: 
ture which deals with the heat capacity of poly(vinyl flu
oride). The investigation meets our standards of acceptable 
data (discussed in Ref. 1). Details of this investigation are 
given in Table 20. Heat capacity of a semicrystalline sample 
of unknown crystallinity has been measured from 80 to 340 
K. The heat capacity data are given in Table A 13. Table A 13 
has been deposited with the Physics Auxiliary Publication 
Service of the American Institute of Physics. 

Delow 80 K, the heat capacity has been established by 
summing the group contribution calculated from vibrational 
frequencies and skeletal contributions calculated from the 
Tarasov equation35 

Cp l6R =Dl(4~O) -O.183[D1( 7; ) -D3(7; )].(11) 

These are taken as preliminary recommended data below 80 
K. They are entered in parentheses in Table 21. 

The recommended data from 80 K to the glass transi
tion temperature (314 K) were obtained by curve fitting the 
data of sample 23 from 80 to 300 K into the equation 

Cp = exp[0.181972(ln T)3 - 2.60825(ln T)2 

+ 13. 1636(ln T) - 19.9019] J mol- 1 K- 1
• (12) 

The rms deviation was 0.3%. Recommended data from 10 to 
70 K from Eq. (11) and from 80 to 314 K from Eq. (12) are 
listed in Table 21 and plotted in Fig. 3. 

J. Phys. Chem. Ref. Data, Vol. 12, No~ 1, 1983 
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Table ~(). Ileat capacity measuremefil:S of polv(vlnyl fluoride) 

lnvestigator Sample no .• 
characteri za t ion 

Temperature 
range (1\) 

Experimental 
technique 
(claimed uncertainty) 

Lee and 
Choy [35] 

23. POl"der 

Table 

(Cellomel' 
Associates. Inc.) 

21. Recommended heat 

fluoride) belO1~ the 

T(K) 

0.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

100.0 

110.0 

120.0 

130.0 

140.0 

150.0 

160.0 

170.0 

180.0 

190.0 

ZOO .0 

210.0 

ZZO .0 

230.0 

240.0 

250.0 

160.0 

270.0 

273.15 

280.0 

290.0 

298.15 

300.0 

310.0 

314.0(Tg) 

80-340 Adiabatic 
(0.3%) 

capacity data for poly(vinyl 

glass transition a 

Heat capacity 

(J mol- 1K- 1) 

(0.0) 

(0.47) 

(2.8) 

(5.1) 

(S.S) 

(11.8) 

04.5) 

(17.1) 

20.27 

22.18. 

23.96 

25.64 

27.25 

28.83 

30.39 

31.95 

33.51 

35.09 

36.70 

38.34 

40.02 

41. 75 

43.52 

45.34 

47.23 

49.17 

'iI. IS 

53.25 

53.92 

55.40 

57.62 

59.48 

S9.91 

62.29 

63.27 

aThe table may contain more s ignif icant figures than 

justified by both source of data and data treatment.' The 

extra significant figures are included only for the purpose 

smooth, representation. 

of 

J. Phys. Chem. Ref. Data, Vol. 12, No.1, 1983 

Source of 
data 

Table 
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100r---T---~--~--~--~--~--~ 

80 1---------+-_+-----+-~P_+_VF-4/ /' I 4---· 
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C
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FIG. 3. Recommended l,eat capacity data for poly(vinyl fluoride) (PVF), 
poly(vinylidene fluoride) (PVFz), polytrifluoroethylene (PVF3), and 
polytetraftuoroethylene (PVF 4)' The data for polytetraftuoroethy
lene are for two repeat units. 
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2.2.10. Poly(vinylidene fluoride) 

Only one investigation35,36 has been reported in the li
terature which deals with the heat capacity of poly(vinyli
dene fluoride). The investigation meets our standards of ac
ceptable data (discussed in Ref. 1). Details of the 
investigation are given in Table 22. The heat capacity of a 
semicrystalline sample (we = 0.53) has been measured over 
the temperature range of 5 to 340 K. The data on this sample 
are given in Table A14. Table A14 has been deposited with 
the Physics Auxiliary Publication Service of the American 
Institute of Physics. 

from 220 to 230 are somewhat higher, because they are asso
ciated with the beginning of the glass transition. The recom
mended data from 210 to the glass transition temperature 
(233 K) were deterIilined by linearly extrapolating the data 
below 220 K. The heat capacity values from 180 to 210 K 
were curve fitted into the equation 

The heat capacity data on sample 22 are taken as rec
ommendiddata-from 3to-2TO--K~~The heat capacity values 

Cp = 0.221 T + 6.28 J mol- 1 K- 1
• (13) 

The rms deviation was 0.2%. The recommended values for 
the heat capacity ofpoly(vinylidene tiuoride) below the glass 
transition are listed in Table 23 and plotted in Fig. 3. Above 
Tg the heat capacity should be stron~ly Crystallinitv np,... .. ··'L 

dent. 

Inve~tigator Samp Ie no., Tempe ra ture 
characterization ranl\e (K) 

Experimental 
technique 

Source 0 f 
data 

Choy et :11. 
(1975, 1979) 
[35. 36 J 

22. Powder S- 340. 
(Ce11omer i\!isociate~. 

Inc. ) 
n = 1. 770 ~Ig m - 3 

wc = ().S3 

(claimed uncert'!.~ ____ _ 

Adiabatic 
(S~ belo,", 15 K 

1 ~ above IS K) 

5-18 K: 
Equation<l 

20-340: 
Tableb 

aTabulated data from 5 to 30 K ",ere curve fi tted into the equation 

ep '" cxp[-O.llJ5192 (11;'1')3 + O.2S9741i (InT)2 + 2.73071 (lnT) 6.29655/ J mol-1K- 1 

(R~IS dev. = 1.5~;). 

h.l\UCllv,,, tahulated data II'0re interpolated using the spline function technique to 

uetel'mine heat capa\.: i ty value~ at every ten degree interval. 

J. Phys. c;hem. Ref. Data, Vol~ 1~,!!Q!J, 198~ 
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2.2.11. Poiytrifluoroethylene 

Table 23. Recommended heat capacity data [or 

poly eviny Ii dene fluoride) be low the 

glass trans i tion. 

TCK) Heat capacity 
(3 mol- 1K- l ) 

5.0 0.204 

6.0 0.340 

7.0 0.517 

8.0 0.733 

0.0 O. OS? 

10.0 1. 28 

12.0 1.94 

14.0 2.70 

16.0 3.53 

18.0 4.38 

20.0 5.2S 

25.0 7.20 

30.0 9.10 

40.0 12.2 

50.0 15.0 

60.0 17.9 

70.0 20.9 

80.0 23.8 

90.0 26.1 

100.0 28.4 

110.0 30.9 

120.0 33.0 

130.0 35.2 

140 .. 0 37.5 

150.0 39.6 

160.0 41.8 

170.0 44.0 

180.0 46.1 

190.0 48 • .3 

200.0 SO • .3 

210.0 52.8 

220.0 54.9 

230.0 57.1 

233.0(T
g

) 57.8 

Two investigations35
,37 have been reported in the litera

ture which deal with the-heat-capacity.of PQlytritluo..roethy:. __ 
lene. Details of these investigations, which meet our stan
dards of acceptable data (discussed in Ref. 1), are given in' 

Table 24. Heat capacity of two samples have been measured 
over the temperature range of23 to 340 K. The data on these 
samples are given in Table Al5. Table A15 has been deposit
ed __ with, the fhy:'~~~s_A~~Jliary Publication Service of the 
American Institute of Physics. 

The heat capacity data from the two measurements 

Sochava 
(1960) [37J 

Lee and Choy 
(1975) [35] 

Table 24. Heat capacity measurements of polytri£luoroethy1ene 

SdlUIJle no., Tomporature :t:ixpcr:im-cnta.l 8vuJ,"I"..C: v£ 
characterization range (K) technique Data 

(claimed uncertainty) 

24. 23-120 Adiabatic Table 
(Unreported) 

25. 1.lild1y crosslinked 80-340 Adiabatic Table 
(0.3%) 

aNo sample characterization reported. 

I Phys. Chem. Ref. Data, Vol. 12, No.1, 1.983 
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Table 25. Recommcnde<.i heat capacity data for 

polrtnfluoroethylcnc helo\\ the ~la~~ transition/! 
._-------

T(K) lIeut capaci ty 

(.J mol- 1K- 1) 

2S.0 10.02 

30. (l lL. i!l 

40.0 15.24 

50.0 17.61 

60.0 20.28 

70.0 23.65 

SO.O 26.43 

90.0 29.99 

100.0 33.21 

110.0 36.15 

120.0 38.89 

130.0 41. 48 

UO.O 43.97 

150.0 46.39 

LOU .0 48 ~ 78 

170.0 51.16 

ISO.O 53.56 

190.0 55.99 

200.0 58.46 

210.0 61. 00 

220.0 63.61 

230.0 66.31 

240.0 69.11 

250.0 72.01 

lOO.O 75.0Z 

270.0 78.16 

273.1S 79.18 

280.0 81. 43 

290.0 84.84 

298.1S 87.73 

300.0 88.40 

304.0 CTg) 89.87 

aThe table may contain more significant figures than 

justified by both· source of data and data treatment. The 

extra significant figures are included only for the purpose 

of smooth representation. 

overlapJhe temperature range_from aO_tQ.120 K. The.daJa .. 
are in good agreement from 80 to 90 K, however, from 100 to 
120 K the data of Socha va on sample 24 are somewhat lower 
(30/0-5%). Similar deviations in Sochava's data above 100 K 
have been observed for other polymers.6 Thus, data on sam
ple 24 above 80 K Were discarded. 

From 25 to 70 K the data on sample 24 are taken as 
recommended data. To determine the recommended heat 
capacity data for polytrifluoroethylene from 80 to the glass 
transition temperature (304 K). the data on sample 25 from 
80 to 290 K were curve fitted into the equation 

Cp exp[O.31096{ln T)3 4.66766{ln T)2 
+ 24. 1307(ln T) - 39.0029] Jmol- 1 K- 1. (14) 

. The rms deviation was 0.4%. Recommended data from 25 to 

70K from sample. 24aQdJrQm 80 to 304 Kfn)J!l Eq~ (141 g~ 
listed in Table 25 and plotted in Fig. 3. 

2.2.12. Polytetrafluoroethylene 

Six investigations36.38-42 have been reported in the liter
ature which deal with the he~t capacity of polytetrafluor
oethylene. Details of these investigations, which meet our 
standards of acceptable data (discussed in Ref. I), are given 
in Table 26. The heat capacity of nine samples has been mea
sured from 0.3 to 720 K. The data on these samples are given 
in Tables 27 and 28. Somewhat less accurate measurements 
have been reported by Steere,61 Karasev,84 Luikov et al.,85 
Hag~l', '\6.'\7 and Martin and Muller. 55 

Heat capacity data are reported for presumably highly 

J. Phvs. Chem~Bef.DataJloL.:.12LNod. 1983~ 
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Table 26. Heat capacity measurements of po1ytetrafluorethylene 

Inves tiga tor 

Furukawa et a1. 
(1952) [38] 

Noel' et al. 
(1959) [39] 

Reese and 
Tucker 
(1965) [40] 

Douglas and 
Harman (1965) 
[41] 

Chov et aI. 
(1979) [36] 

Sa linger and 
Cielo5zyk 
lUnpUIJlISI1Cd J 
[ 42] 

Sample no., 
characteri za tion 

90. Teflona 

Powder 
lIH

f
=1.90 kJ mol- l 

91. Teflona 

Average data for 
molded and quenched 
samples 
~·Io Ided: -1 

lI[[f=1.744 kJ mol 

Quenched: 
lIHf =1.82 kJ mol- 1 

92. Teflona 

Annealed 

93. Teflon a 

95. Teflon3 

p = 2.160 

94. Teflon 3 

Powder 

\,"=0.95 

96. Teflona 
Quenched 

99. Teflon a 

\,c=0.9 

98. Teflona 

- 3 Hg m 

Temperature Expe l' imen ta 1 
range (K) technique 

(claimed uncertainty) 

5-365 Adiabatic 

5- 365 Adiabatic 

5-365 Adiabatic 

1.4-4.2 Heat pulse 
(5\ ) 

1.0-4.5 Trans ient 
(l0%) 

340-560 Drop Calorimeter 
(5% ) 

330-720 Drop Ca10rimcter 
(5%) 

S-lO() Adiabatic 

( 2~) 

0.3-4.4 Heat pulse 
[H) 

aTerlon is the trade name for polytctrafluorocthylene manufactured by 
1:. I. DuPont De :<:emours Co., Inc. 

b cp '" 10- 5T3 cal g-l,,-l 

Cc p 98 1"3 erg K-1cm -3 

d
C 

P 
0.54268 + 1.3~.)·lO-3 T + 208/(603.4 T) 2 

Cc 0.54921 + 
P 

1.45154'10- 3 T + 410.8/ (60S-T) 2 

fc-_''''''-O. 61...j!t8 ·-+-h!I·-I!}.·l-I):"~T- .;j-I!" -J,h.'-: . .L 
p 

J 
-1 .-1 

g K 

J g -11\-1 

Source of 
data 

Table 

Table 

Table 

Equationb 

Equationc 

Equation d 

330-560 K: 
Equatione 

660-720 K: 
Equation f 

Tablc 

Equatiolll:1 

gel' = cxp[-0.174744(lnT)3 + 0.128498(1n"l")2 + 3.13938(lnT) + 5.85181) erg g- l K- 1 

Table 27. Heat capacity of various polytetrafluoroethylenes" 

U.j 

0.4 

O.S 

0.1i 

·0;'7·· 

.0.8 

0.9 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

3.0 

4.0 

5.741 

8.570 

12.20 

16.73 

56.50 

133.9 

2.274 

3.929 

6.239 

9.313 

13.26 

18.19 

61. 39 

145.5 

98 

0.00491 

0.1249 

0.2226 

0.3704 

-0;-5816 

0.8707 

1. ZS2 

1. 740 

3.094 

5.041 

7.687 

11.11 

15.38 

50.71 

108.6 

aSamp1e numbers correspond to the samples described 

in table 41. 

J. Phys. Chem- R,.f n:=abL Un. 1') Nn 1 1QA~ 



THERMODYNAMIC PROPERTIES OF POLYMERS 49 

Table 28. 

T(l<:) 

10 

IS 

20 

2$ 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

ISO 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

lIeat capacity of various polytetrafluorocthylenes 

. in J mol- 1K- la 

!lll <11 qZ 

0.1200 0.1200 0.1200 

0.8950 0.9102 0.9102 

2.360 2.3R6 2.416 

3.836 3.821 3.796 

5.166 5.081 5.061 

6.356 6.236 6.221 

8.482 8.237 tI.nl 

10.27 10.09 10.10 

12.29 11.90 11.89 

14.18 13.73 13.72 

16. 03 15.60 15.60 

17.81 17.50 17.50 

19.49 19.29 19.29 

21. 20 

22.90 

24.53 

26.13 

27.65 

29.13 

30.62 

32.06 

33.45 

21.06 

22.84 

24.56 

26.26 

28.00 

29.88 

31. 9 3 

33.87 

35.52 

21. 08 

22.83 

24.56 

26.26 

27.94 

29.86 

31. 76 

33.53 

35.10 

34.76 37.05 36.54 

36.09 38.51 37.92 

37.47 39.92 39.28 

38.86 41.29 40.58 

40.32 42.67 41.(17 

41.97 44.10 43.20 

43.98 45.68 44.60 

46.80 47.64 46.29 

5}.81 50.61 48.82 

49.81 

49.67 

49.91 

SO.31 

50.71 

51.11 

Transition
b 

51.06 

51.36 

51. 91 

52.46 

53.06 

53.71 

51.16 

51.16 

51. 56 

52.10 

52.61 

53.41 

()4 

50.12 

50.81 

51. 49 

52.18 

51.69 

52.43 

53.18 

53.93 

54.69 

qC) 

0.2284 

1.228 

2.565 

3.915 

5.155 

6.245 

1S.4UU 

10.35 

12.25 

14.16 

16.00 

17.68 

19.25 

crystalline samples. However, their crystallinities are not 
well established due to the lack of eqUilibrium melting pa
rameters and, crystallinity-density correlations., Thus, the 
crystallinity extrapolations using the two phase to detenmne 
the heat capacity of completely crystalline and amorphous 
polytetrafluoroethylene is not possible at present. Moreover, 
the analysis of the heat capacity is further complicated by the 
controversy in the literature on the glass transition tempera
ture and the room temperature transition of polytetraftuor
oethylene. Investigations are currently underway in our la
boratory to establish these thermodynamic quantities. At 
present, we recommend the data on sample 98 (0.3 to 4.4 K), 
sample 92 (5 to 300 K), and sample 99 (600 to 720 K). Heat 

Table 28. Ileat capaci t}' of various polrtetra[] uorocthylcnes 

in J mOl- 1K- 1--Continuetl" 

}' (:.:..K)!...-_-=:.:90~_-----=9:...:1:....-._---,,9..;;;.2 __ ....:.~:....:14 __ ----=:9...:::.6 __ --"-9"--9 

380 

390 

400 

410 

420 

430 

440 

450 

460 

4 70 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

610 

620 

630 

640 

650 

.. 6J),f 

670 

680 

690 

700 

710 

720 

52.87 

53. S6 

54. Z<i 

54.95 

5S.66 

56.:' 7 

57. 08 

57.80 

58. S4 

59.29 

60.06 

61l.80 

61.6!) 

62.58 

63.56 

64.67 

66.00 

67.73 

70.27 

55.45 

S6.21 

SO.98 

57.75 

58.54 

S9.33 

60.13 

60.96 

<i I. SO 

62.66 

63.56 

64.51 

65.52 

66.63 

(, 7.37 

69.32 

71.ll 

7.5.50 

77 .03 

~!cl ting 

(l0. :\1\ 

67.17 

67.77 

68.37 

68.97 

69.56 

70,.1Q.. 

70.76 

71. 35 

71. 95 

72. S5 

73.15 

73.74 

aSample numbers correspond to the samples described 

in table 41. 

bl"'13/6 helix to 1*15/7 transition (endothermic). 

capadty data trom 320 to 560 K are not recommenoed-sinci 
they might be associated with crystallization and premelt 
ing. The data on sample 92 are plotted in Fig. 3. 

2.2.13 .. Poly(vinyl chloride) 

Poly(vinyl chloride) PVC is an important and widely 
used polymer. Of all thermoplastics, its production is second 
only to that of polyethylene. Thirty investigations of the heat 
capacity of poly(vinyl chloride) have been reported in the 
literature. Heat capacity of over 40 samples have been mea
sured over wide ranges of temperature. 

All investigations were critically evaluated in terms of 
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Table 29. Heat capacity measurements of poly(vinyl chloride) 

Investigator Sample no., 
characteri zation 

Temperature Experimental Source of 
range (K) technique data 

(claimed uncertainty) 

Lebedev et al. 
(1967) [43] 

110 Suspension-
yolymerized 
Hw = 130,000 

60-300 K Adiabatic Tablea 

(0.5%) 

Chang 
(1977) [44] 

wc 
'" 0.2 (x rays) 

1 " 
~HC:l'P.nc::1nn ... gn-~7n 

polymeri zed 
Geon 103EP 
i B•F • Goodrich Corp.) 
Mn = 64,300 

Mw = 142,000 

Pelletized at 500 ~fPa 
contains 0.03% poly-

(vinyl alcohol) 

113 Quenched sample 112 

114 Annealed sample 112 

115 Bulk-polymeri zed 

116 Geon 80X5 
(B.F. Goodrich Corp.) 

117 Pelletized sample 
115 at; 140 NPa. 

118 Quenched sample 
117 

119 Annealed sample 
117 

120 Quenched sample 
117 

8-370 

310-370 

300-340 

310-340 

310-360 

280-370 

6-380 

7-360 

Atii"h,U"ic 
(0.1%) 

Adiabatic 
(0.1%) 

Adiabatic 
(0.1%) 

Adiabatic 
(O.H) 

Adiabatic 
(0.1 %) 

Adiabatic 
(o.n) 

Adiabatic 
(0.1%) 

Adiabatic 
(0.1%) 

Adiabatic 
(0.1%) 

aData were interpolated using the spline function technique to give 

heat capacities at every ten degree interval. 

b The authors' tabulated data from 8 to 32.1 K Ncre curve fitted into the 

equation 
C exp[-0.0156374(lnT)3 0.253526(1nT)2 
---p-~-----~---- -- --- - --------------------=1-=-1 

+ 3.38239(lnT) - 5.6602] J mol K 

(RMS deviation = 0.1%) 

CAuthors' tabulated data from 6.2 to 31.8 K l~ere curve fitted into the 

ptJ.11:::1t'inn 

C = exp[0.003681l(lnT)3 - 0.415076(ln1)2 + 3.82721(1nT) 
p 

-6.06208] J mo1- I K- I - (RMS deviation 0.4%) 

dAut:hor<;' tahulated data from 6.9 to 31 K l-lere curve fitted into the 

equation 

exp[-0.0103775(lnT)3 0.297456(lnT)2 

+ 3.50496(lnT) - 5.77448) J mol-1K- 1 

(RMS deviation = 0.2%) 

8- 2S K: h 
Equation 

30-370 K: 
Table a 

Table a 

6-25 K: c 
Equa tion 

30-380 K: 
Table 

7-25 K: d 
Equation 

30-360 K: 
Table" 

sample characterization. experimental technique used. error 
limits, -and accuracy of representation of the data. Most of 
the measurements have been made on chemically impure 
samples (commercial samples with additives) and their data 
span often a somewhat limited temperature range in the vi~ 
cinity of the glass transition interval. Moreover, most of the 
results have been reported in graphical form only. It was 
found that only 2 of the JO investigations met OUl- standards 
of acceptable data (discussed in Ref. 1). These contain heat 

these investigations are listed in Table 29. Twenty-eight in., 
vestigations which did not contain acceptable data were ilot 
included in further analysis. These are listed Table 30, along 
with brief comments on the reasons for exclusion from this 
study. 

-The heat capacity data retrieved from the literature are 
given in Table A16. Table A16 has been deposited with the 
Physics Auxiliary Publication Service of the American Insti
tute of Physics. Chang's heat capacity data on samples 112-
120 are in very good agreement (better than 0.5%) from 6 to 
300 K. The data show somewhat larger deviations above 310 

~apacity data on 10 largely amorphous bulk and suspension 
'olymerized samples of various thermal histories. Details of 
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Table 30. lIeat capacity investigations on poly(vinyl 

chloride) not included in this study. 

Reference 

Vieweg and GottNald 
(1940) [45J 

Heuse (1949) [46] 

Badoche and Li (1950, 
1951) [47,48J 

Gast (1953) [49J 

Alford and Dole (1955) 
[50 J 

Belh,ege et a!. (1959) 
[29 J 

Ilellh'ege et a!. (1962) 
[51) 

Tautz et a~. (1962, 
1963, 1964) [52-54] 

Martin and ~!iiller 
(1963) [55) 

Hager (1964, 1972) 
[56,5i} 

Dunlap (1966, 1972) 
[58,59] 

mshchenko et a1. (1966) 
[60] 

'.teere (1966) [61] 

Wilski and Grelver (1966, 
1968, 1970 1 rt'~-"'"l 

Gotze and Winkler 
(1967) [65] 

Chernoby1'skii et al. 
(1969) [66] 

Knappe et a1. (1970, 
1977) [68,69] 

Kartalov et a1. (1971) 
[67] 

Ceccorulli et al. 
(1977) POl 

~~nchenko et a1. (1977~ 

Reason(s) for exclusion 

Data associated wi th large error 
limi ts. 

Data associated with large error limits. 

Q.ata reported for three samples 
\Iw = 23,000; 70,000; 125,000 over a limiteu 
temperature range (350-380 K). ~Ieat 
capaci ty decreases somelvhat Id th in· 
creasing molecular I\'eight. 

Ileat capaci ty data reported only in 
the glass transition temperature region. 

Hea t capac i ty data reported for an 
annealed sample in the glass transition 
tempera ture range. 

Sample characterization not reported. 

Heat capacity data reported from 300 
to 450 K. The data belol,; the glass 
transition temperature are in good 
ag reemen t lVi th the values reported 
he re. HONcve r, the data above T g are 
higher ("v8%). 

Sample characterization not reported. 
Data could not be read accurately from 
too small graphs. 

Data could not be read accurately from 
too small graphs; large error limits. 

Data could not be read accurately from 
too small graphs. Measurements made 
using thin foil calorimeters are 
associated with large error llml.1:S. 

Heat capacity reported for various 
plasticized PVC compositions. 

Heat capacity measurements reported 
for PVC l,Tith 30-35% fillers-. Data 
could not be read accurately from 
too small graphs. 

Heat capacities per unit volume have 
been reported. These values are not 
directly comparable to the data 
presented here. 

Heat capacity data has been reported 
on eight commercial samples (emulsion 
md __ s_\l:S.p_ensiol1.p()ly'J!l.~.!.i~~.t:_.The 
~raphical data covers a limited -ie-mpera
ture range (300-400 K) ill the region 
of the glass transition. ~lost of the 
samples contain 1-4% additives. 

Heat capacity data reported for PVC 
fibers in humid conditions from 
230 to 310 K. 

Heat capaci ty measured at 1-65 bar 
pressure. 

Da ta only in the glas s transi tion 
region. 

Heat capacity measured for blends of 
PVC and polyethylene. The heat capaci ty 
decreases \Vi th increasing content of PVC. 

Data reported in the glass transition 
region for various samples of different 
degrees of syndiotactici ty and 
crystallini ty. 

Heat capacity in the glass transition 
region reported as a function of 
thermal history. 

51 
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Table 31. Recommended thermodynamic data for amorphous 

poly(viny1 chloride)a 

T(K) 

0.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

12.0 

14.0 

16.0 

la.O 

20.0 

25.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

100.0 

110.0 

120.0 

130.0 

140.0 

150.0 

1eiO.O 

170.0 

180.0 

190.0 

200.0 

210.0 

220.0 

230.0 

240.0 

250.0 

260.0 

270.0 

273.15 

280.0 

290.0 

298.15 

300.0 

-310.0-

320.0 

330.0 

340'.0 

350.n 

354.0(Tg} 

354.0 

360.0 

370. () 

0.0 

0.3820 

0.5969 

0.8528 

1.144 

1. 466 

1. 812 

2.564 

3.370 

4.208 

5.059 

5.913 

7.999 

9.950 

13.38 

16.28 

18.77 

20.99 

23.05 

24.98 

26.82 

28.59 

30.29 

31. 94 

33.56 

35.15 
30.n 

38.31 

39.88 

41. 4S 

43.03 

44.61 

46.21 

47.79 

49.37 

50.99 

52. .63 

54.29 

54.81 

55.95 

57.64 

59.03 

59.35 

6-1A! 

62.94 

64.88 

66.96 

68.85 

91. (}8 

94.56 

0.0 

0.5130 

0.9988 

1. 720 

2.716 

4.019 

5.656 

10.02 

15 .95 

23.52 

32.79 

43.76 

78.58 

123.5 

240.1 

388.4 

563.7 

762.5 

982.7 

1222 

1481 

1758 

20r;3 

2364 

2691 

3035 
3394 

3770 

4161 

4567 

4990 

5428 

5S8? 

6352 

6S38 

7339 

7858 

8392 

8564 

8943 

9511 

9987 

10()9b 

11319 

11958 

12617 

13296 

1:;57:' 

13573 

14113 

I 5(1~ I 

0.0 

0.1370 

0.2.250 

0.3357 

0.4683 

0.6213 

0.7935 

1.189 

1.645 

2.149 

2.694 

3.271 

4.816 

6.445 

9.776 

13.0S 

16.27 

19.33 

22.27 

25.10 

27.83 

30.47 

35.52 

37.95 

40.32 
4l.li4 

44.91 

47.15 

49.35 

51. 51 

53.65 

55.76 

57.85 

59..92 

61. 97 

64.\10 

()6. ()2 

6(;.65 

68.02 

70.01 

71.63 

72.00 

75.04 

Ii.n 
79.88 

S 1. 84 

H2. (1:) 

S2.63 

84.14 

;SO.n 0ll,()~ H.OOS ~9.l;; 

aThe table lIlay contain more signi ficant figures than 
justified oy both source of data and data treatment. The extra 

significant figures arc included only for the purpose of smooth 

repre~p-nt.at:-inn_ 
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FIG. 4. Recommended heat capacity data for poly(vinyl chloride) (PVC), 
poJy(vinylidene chloride) (PVC2), and polychlorotrifiuoroethylene 
(PVCF3). 

K as the glass transition temperature is approached. The 
data of Lebedev on sample 110 agree with the data of Chang 
within 2%. 

Based upon out prior experience, we feel that the heat 
capacity data of Chang is more accurate than Lebedev's 
data. 

Of nine measurements (all in good agreement), reported 
by Chang, only three (samples 113. 119. and 120) cover the 
entire temperature range. Out of these, two measurements 
(113 and 120) are on quenched samples and the third one is 
on an annealed sample 119. The data on the annealed sample 
were taken as taken as the recommended heat capacity data. 
These values are listed in Table 31 and plotted in Fig. 4. The 
"lteaLcapacity_dataJoLglassy-PYC-were-extrapolated-from, 
340 to 354 K to conform to the widely accepted glass transi-
tion temperature of 354 K. . 

Enthalpy and entropy of amorphous poly(vinyl chlo
ride) were calculated from 0 to 380 K hy nllmerical1y inte
grating the heat capacity data. These thermodynamic func
tions are listed in Table 31. 

2.2.14. Poly(vinylidene chloride) 

Two investigations43
,72 have been reported in the litera

ture which deal with the heat capacity of poly(vinylidene 
chloride). Details of these inveStigations, which meet our 
lShmdards ()f~cceJ>t:l~le data(discus~ed in Ref.lJareg!ven in 
Table-j2~-Heai capacity 'of twosemicrystatiilie samples 'have 
been measured over the temperature range of 60 to 300 K. 
The data on these samples are given in Table A17. Table A17 
has been deposited with the Physics Auxiliary Publication 
Service of the American Institute of Physics. 

The data of Socha va on sample 28 and the data of Lebe
dev et a1. on sample 29 are in good agreement from 60 to 110 
K. However, the data of Socha va are higher above 120 K by 
as much as 20% at 200 K. Similar deviations have been ob
served for Sochava's data on other polymers above lOOK. cs 

Thus the data on sample 28 were discarded over the entire 
temperature range. The recommended data on the heat ca
pacity of poly(vinylidene chloride) from 60 K to the glass 
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Table 32. Heat capacity measurements of poly(vill"j iJene chloride) 

Inves tiga tor Sample no., Tempera ture Experimental 
(K) characteri za tion range technique 

(claimed uncertaintz) 

Soehava 28. a 50 - 200 Adiabatic 
(1964) [72 ) (unreported) 

Lebedev et al. 29. w 
c 

0.40 611 - 300 Adiabatic vacuum 
(1967) [43] (0.5%) 

a No cha raeteri za ti.on reported. 

Table 33. Recommendetl heat capaci ty data for 

poly(vinyl itlene chloride) belo;~ 

Heat capaci ty 

T(I:) (J mol -lK -1) 

30.0 ( 7.316 ) 

40.0 (12.53 

50.0 l17.38 

60.0 21.49 

70.0 26.00 

80.0 30.01 

90.0 33.38 

100.0 36.31 

110.0 38.91 

120.0 41.26 

130.0 43.4 S 

l40.0 4S.53 

150.0 47.53 

160.0 49.50 

170. (J 51. 46 

180. () 53.44 

190.0 55.45 

200.0 57.51 

210.0 59.64 

220.0 61. 84 

230.0 64.12 

24ll.0 66.50 

250.0 68.98 

255.0 CTg
) 711.26 

~Thc t::lhle ilia), contain more si~nifJcant figurcs than 

justified hy hoth source of tlata anti data trC'atment. ThC' 

extra si!:nificant fhures arc inclutled onl" for the purpose 

of smooth representation. 

Source of 
data 

Table 

Table 

Tnhl,,;1- 11""t ""p",,; ty m""<;llrement<; of Tlolych 1 orotl'i fluorocthy1.:cen'-"c=--____ _ 

Invcs tigator -S-amp-le--no-;;---- -----
characte ri za ti on 

-TemperatuTe - --Experilllenta-l Source- -of 
range (K) techniquc data 

____________ ~ _ ___.:-------'------- (c laimed uncer-=-ta::.;l:.:-n:..:t,,-YL.) ___ _ 

Iloffmann (1952) 34. Powdered Ke1-rb 
[73] quenched 

Reese and 
Tucker (1965) 
r 40] 

Lee et al. 
(1974) [74] 

35. Powderetl Kel- Fh 
51m, cooled 

36. Kel-fob 

37. Kel-fob 

Average data of 
t\\O samples 
slow cooled 

(we = 0.65) 
and quenched 

(\(c = 0.46) 

270- 510 

Z7[)-510 

1.0-4.5 

80-340 

Ili fferential adiabatic Tahlc 
lO. S~) 

Differential adiabatic Tahle 
(0.8', ) 

Ileat Pulsc Lqua t ion u 

(10',) 

Adiahatic Table 
(0.3% ) 

------------------------------------------

b Ke1 - F is the trade name of polychlorotrifluoroeth)'lcne made hy 3~1 Company. 
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transition temperature (225 K) was obtained by curve fitting 
the data on sample 29 from 60 to 250 K into the equation 

Cp = exp[0.32494(ln T)3 - 4.S7152(ln T)2 

+ 24.S52S(lil T) - 39.4329] J mol- 1 K- 1
• (15) 

The rms deviation was O.S%. Equation (15) was used to cal
culate recommended values from 60 to 255 K. 

From 30 to )0 K, preliminary recommended data were 
calculated from the Tarasov equation as reported by Lebe
dev et al.43

: 

C = 6R [D ( 402 ) _ 161 
pIT 402 

(16) 

The recommended data for the heat capacity of poly(vinyli
dene chloride) below the glass transition are listed in Table 
33 and plotted in Fig. 4. Above the glass transition the heat 
capacity is strongly crystallinity dependent. 

2.2.15. Polychlorotrifluoroethylene 

Three investigations40.73.74 have been reported in the li
terature which deal with the heat capacity of polychlorotri-

. fluoroethylene. All the measurements which meet our stan
dards of acceptable data (discussed in Ref. I) have been made 
on commercial semicrystaliine samples ofKel-F (trade name 
of3 M Co.). Details of these investigations are given in Table 
_.34 .. Heat capacilie~Lhay.e_.be.enmeasured atlow_temperatures. 
(1.0 to 4.5 K) and at high temperatures (SO to 510 K). The 
high temperature data on these samples are given in Table 
AIS. Table Al8 has been deposited with the Physics Auxil
iary Publication Service of the Ameriean Institute of Phy
sics. 

At low temperatures, the data of Reese on sample 36 are 
taken as the recommended data. At high temperatures, the 
data of Hoffmann on samples 34 and 35 are not in agreement 
with more reliable data of Lee et al. on sample 37. The data of 
Lee et al. on samples of different crystallinities are in agree
ment with one another;.but agree with Hoffmann's data on 
slow cooled sample only (sample 35) over a limited tempera
ture range (300 to 340 K). Above 350 K Hoffmann's data are 
assoCiated with melting of the sample. Thus Hoffmann's 
• data on both the samplesweredisearded-over· the entire tem
perature range. To determine the reconimended data on po
lychlorotrifluoroethylene from 80 K to the glass transition 
temperature (325 K), the data on sample 37 from 80 to 300 K 
were curve fitted into the equation 

Cp = cxp[0.120366(ln T)3 - 1.92703(ln T)2 

+ 11.0523(ln T) -18.0763] Jmol- 1 K- 1
• (17) 

The rms deviation was 0.2%. Recommended data obtained 
from sample 36 from 1.0 to 4.0 K and from 80 to 325 K from 
Eq. (17) are listed in Table 35 and plotted in Fig. 4. No high 
temperature data are recommended since no crysta1Hnity ex
trapolations are possible. 

Table :;5. Recommended heat capacity data faT 

polrch1orotrifluoroet)n·lene helO\\ the ~lass transition'! 

T(K) lIeat capac i ty 

(.J 11101- 1;;-1) 

1.0 0.006942 

1.2 0.01200 

1.4 0.0190S 

1.6 II .02843 

1.~ (). \l~\\.\~) 

2. {1 0.05554 

:;.0 0.1874 

-1.0 n .H-I3 

80.11 :;2. -16 

~l(l • (l 36 .. ;7 

Inn. n -HI.Ol 

llil.(1 -1-1.63 

120. (1 -18.24 

J:;O.O 51. h~l 

1.\11.11 55. (10 

150.1l 58.18 

lbl1 .\1 61.:!h 

J:"n.1l 64.26 

):-;11.0 67.18 

1 ~l(l . 0 70. OS 

2:10. n 7? .. 8i 

210.0 75.66 

22(1.ll 78.41 

2:;0. n 81. 15 

240. n 83.87 

250.0 86.57 

- 2-6il ~-O- 89.27 

270.0 91. 98 

273.15 92 .84 

280.0 94.68 

290.0 9-.39 

298.15 99.64 

300.0 100.1 

310.0 102.9 

320.0 105.6 

32s.0(T
g

) 107.0 

aThe table may contain more significant figures than 

justified by both SaUTee of data and data treatment. The 

extra significa·nt figures are included only faT the purpose 

of ~mooth ):"opro~cntatiQn .. 

2.2.16. Poly(vinyl alcohol) 

Two investigations 75.76 have been reported in the litera
ture which deal with the heat capacity of poly(vinyl alcohol). 
Details of these investigations, which meet our standards of 
acceptable data (discussed in Ref. 1), are given in Table 36. 
Heat capacity of two samples of unknown characterization 
have been measured over the temperature range of 60 to 300 
K. The data on these samples are given in Table A19. Table 
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A19 has been deposited with the Physics Auxiliary Publica
tion Service of the American Institute of Physics. 

The data of Soehava and Trapeznikova on sample 41 
are somewhat lower than the data of Lebedev and Rabino
vich on sample 42, especially above 100 K. Similar devia-

Sochava and 
Trape znikova 
(1957) (75) 

Lebedev and 
Rabinovich 
(1967) [761 

41. a 

42. 

aNo characteri za tion reported 

tions have been observed for the data of Socha va and Trapez
nikova above 100 K for other polymers.6 Thus the data on 
sample 41 were discarded over the entire temperature range. 
The recommended data on the heat capacity of poly(vinyl 
alcohol) from 60 to 300 K were obtained by curve fitting the 

60- 240 

60- 300 

Adiabatic 
(Unreported) 

Adiaba tic Vacuum 
(0.5%) 

Source of 
data 

Table 

Table 

Table 37. Recommended heat capacity data for 

70.0 15.05 

80.0 17.94 

90.0 20.46 

1_00.~. 2~ .99 

110.0 24.69 

120. (} 26.54 

130.0 28.29 

140.0 20. Oil 

150. (} 31. 66 

160.0 33.34 

170.0 35.06 

180.0 36.84 

190.0 38.69 

200.0 40.64 

210.0 42.69 

220.0 44.85 

230.0 47.16 

240.0 49.()O 

250.0 S-Z.21 

260.0 54.99 

270.0 57.95 

273.15 58.92 

280.0 6~.12 

290.0 64.50 

298.15 67.42 

300.0 68.11 

liThe table may contain more significant figures than 

justified by both source of data and data treatment. The 

extra significant figures are included only for the purpose 

of smoo.h representation. 

J. Phys.Chem. Ref. O::.t:=.. Vn11~ Nn_ 1_1QA~ 
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----150~~---+--~--~--r-~--PVAC 

Cp 

(Jmor'K-') 
100r-~--~--~---+---+--

501---+--+--
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o 50 100 150 200 250 300 350 400 

Temperature (K) 

FIG. 5. Recommended heat capacity data for poly(vinyl alcohol) and poly
(vinyl acetate). 

data on sample 42 into the equation 
Details of the investigation by Shieman et aJ. which meets 
our standards of acceptable data (discussed in Ref. 1), are 
given in Table 38. Graphical data from the publication were 
retrieved and could be curve fitted in linear equations below 
and above the glass transition temperature (304 K). 

Cp = exp[0.47262{1n T)3 - 6.98249(ln T)2 

+ 35. 1696(1n T) -.56~9169] J mol- 1 K- 1
• (18) 

TIn:: IlllS deviation was 1.1 %. These recommended data 
from Eq. (18) are given in Table 37 and plotted in Fig. 5. 

2.2.17. Poly(vinyl acetate) 

Two investigations77
,78 have been reported in the litera

ture which deal with the heat capacity ofpoly(vinyl acetate). 
Shieman et al.77 have covered a wide temperature range of 80 
to 370 K. Sharanov and Vol'kenshtein 78 have restricted their 

. measurements to the glass transition region (290 to 330 K). 

Below Tg : 

Cp = 0.3366 T + 0.88 J mol- 1 K- 1 (rms dey. 1.0%). (19) 

Above Tg : 

Cp =0.09786 T + 127.16 J mol- 1 K- 1 (rms dev. 0.3%). (20) 

Data obtained from these equations are recommended and 
listed in Table 39 and plotted in Fiv_ 5_ 

Tab1~ 38. Heat capacity measurements of polv(vinyl acetate) 

Inves.tigator Sample no.. Temperature Experimental Source of 
characterization range (K) technique data 

(claimed uncertainty) 

Shieman et a1. 102. Amorphous 90-370 
(1972) [77] p = 0.9325 ~Ig m- 3 

Adiabatic Graph 

(0. 7~) 

J. Phvs. Chem. Ref. Data. Vol. 12_ No_ 1_1QR~ 
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Table 39. R('commended heat· capacity data for 

amorphous po1y(viny1 acetate)a 

T(I\) lIeat capaci ty 

(J mo1-1K- 1) 

80.0 27.81 

90.0 31. 17 

100.0 34.54 

110.0 37.90 

120.0 41. 27 

130.0 44.63 

140.0 48.0n 

150.0 51. 37 

160.0 54.73 

170. () 58.10 

180.0 61. 46 

190.0 64.83 

200.0 68.19 

210.0 71. 56 

220.0 71. 03 

230.0 78.29 

240.0 81.66 

250.0 85.02 

26.0.0 88.39 

270 . 0 91.75 

273.15 92.82 

280.0 95.12 

290.0 98.49 

298.15 101. 2 

300.0 101. 9 

. 304.0(T ) 
g 103.2 

__ ~~~_.~Ti 156.9 

3HJ.0 IS 7.5 

320.0 158.5 

330.0 159.5 

340.0 160.4 

350.0 161. 4 

360.0 162.4 

370.0 163.4 

aThe table may contain more significant ri!!.ure~ than 

justified by both source of data and data treatment. The 

extra significant fip-ures are inclutl"c! nnl}' fnr 1"h" p"rp""" 

of smooth representation. 

rnves tiga t~E Sample no. , Temperature Experimental 
·cliii-iaclefiiatTon range· (K) . teclirifque------

(claimed uncertaintr) 

Lebedev and 8l. Amorphous 60-300 Adiabatic 
Rabinovich (0.5%) 
(1971) [80] 

Zoller et a!. 82. Amorphous 1.6-4.0 Heat pulse 
(1973) [81] (2%) 

Gaur and 83. Amorphous 300-490 DSC 
Wunderlich ~]w = 670,000 (1% ) 
(1981) [79] M = 590,000 n 

Gaur and 84. Sample 83 230-290 DSC 
Wunderlich (1%) 
(unpublished) 
[83) 

bTable of curve fitted data 300-440 K: Cp 

450-490 K: C
p 

0.5758 T - 6.43 J mol- l K- l 

57 

Source of 
--data- --

Table 

Equationa 

Table 

Tableb 
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fable 41. 

T(K) 

0.0 

1.6 

1.8 

2.0 

3.0 

4.0 

10.0 

20.·0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

100.0 

110.0 

120.0 

1,0 _ 0 

140.0 

150.0 

160.0 

170.0 

180.0 

190.0 

200.0 

210.0 

2211..0 

230.0 

240.0 

250.0 

260.0 

270.0 

273.15 

280.0 

290.0 

298.15 

300.0 

:110.0 . 

320.0 

330.0 

340.0 

~35-0~ 0-

360.0 

370.0 

380.0 

390.0 

400.0 

410.0 

420.0 

430.0 

440.0 

441. O(Tg) 

441.0(Tg ) 

450.0 

460.0 

GAUR, WUNDERLICH, AND WUNDERLICH 

·Recommended thennodynamic data for amorphous 

po1y(a-methy1 styrene)a 

Table 41. Recommended thennodynamic data for amorphous 

poly(a-methylstyrene) uContinueda 

0.0 

.02133 

0.03101 

0.04356 

0.1597 

0.3787 

(0.1841) 

(1.473 ) 

(4.605 ) 

(11.10) 

(19.50) 

28.97 

38.52 

4S.22 

51.84 

61. 13 

66.16. 

70 _ Rtl 

75.09 

79.38 

83.77 

88.23 

92.76 

97.36 

102.01 

106.71 

1l6.3 

121. 1 

126.0 

130.9 

135.8 

137.3 

140.7 

145.7 

149.8 

150.7 

155.7 

160.7 

165.8 

170.8 

~-~175-.9---

181.0 

186.1 

191.1 

196.2 

201. 3 

206.4 

211. 5 

216.6 

221. 7 

222.2 

247.5 

252.7 

258.4 

H~ - H~ 
(J mol-I) 

0.0 

0.01706 

0.02230 

0.02976 

0.1314 

0.4006 

2.089 

10.37 

40.76 

119.3 

272.3 

514.6 

852.1 

1270 

1756 

2877 

3514 

4702 

4932 

5704 

6520 

7380 

8285 

9235 

10232 

11276 

--12367-

13505 

14692 

15927 

17211 " 

18544 

18974 

19927 

21359 

22563 

22841 

Z4J7J 

25955 

27588 

29271 

-31005 

32789 

34624 

36510 

38447 

40435 

42474 

44563 

46704 

48896 

49118 

49118 

51368 

53924 

s~ - s~ 
(J mol- 1K- 1) 

0.0 

0.01067 

0.01372 

0.01762 

0.05513 

0.1291 

0.4683 

0.9286 

2.064 

4.219 

7.557 

11.92 

17.09 

22.66 

28.37 

.54.04 

39.60 

45.13 

:;0.64 

56.05 

61. 37 

66.64 

71. 85 

77 .02 

82.16 

87.27 

92.36 

102.5 

107.5 

112.6 

117.6 

122. i 

124.2 

127.7 

132.7 

136.8 

137.7 

HZ .0 

T(K) Cp H~ - H~ S~ - S~ 
(J mol"IK-l) (J mol-I) (J mol- 1K- l ) 

a 

470.0 

480.0 

490.0 

264.2 

270.0 

275.7 

56537 

59208 

61936 

224.9 

230.5 

236.1 

The table may contain more significant figures than 

justified by both source of data and data treatment. The 

extra significant figures are included only for the purpose of 

smooth representation. 

300 

250 

200 
Cp 

(JmorlK'l) 

100 

50 

I 1 
Poly-C!- methyl styrene 

y 

V 
V 

7 
V 

100 200 300 
Temperature (K) 

400 

/ 

500 

FIG. 6. Recommended heat capacity data for poly(a-methylstyrene). 

2.2.18. Poly(a-methylstyrene) 

Four investigations7
9-81.83 have been reported in the li

terature which deal with the heat capacity of poly(a-methyl
styrene). All the investigations meet.our standards of accep
table data (discussed in Ref. 1). Details of these 
-investigationsare-given-in-'fable-40.-'fhe-hearcapacity~data 

for three amorphous samples have been reported from 1.6 to 
490 K. The high temperature data on these samples are given 
in Table A20. Table A20 has been deposited with the Physics 
Auxiliary Publication Service of the American Institute of 
Physics. 

In preliminary analysis, the data on sample 81 and 83 
were plotted on a graph. The data on sample 81 and 83 are in 
good agreement at 300 K, however the data on sample· 81 
showed an exothermic curvature from 220 to 300 K. These 
data were then compared with unpublished data from our 
laboratory on poly{a-methylstyrene) from 230 to 290 K. 

147.8 These data fell on a smooth curve joining the data on sample 
152.8 81 from 60 to 200 K and the data on sample 83 from 300 to 
157.8 440 K. Thus for further analysis the data on sample 81 above 

--162.8----- --- - -- -------~2(Xrrwere oiscaroecl 

167.9 . The data on sample 82 from 1.6 to 4.0 K and on sample 
172.9 

177.9 

183.0 " 

188.0 

193.0 

198.1 

203.1 

208.1 

208.6 

208.6 

213.7 

219.3 

81 from 60 to 120 K are taken as recommended data. Rec
ommended data from "130 K to the glass transition tempera
ture (441 K) were determined by curve fitting the data on 
sample 81 from 120 to 200 K, the data on sample 83 from 300 
to 400 K and the data on sample 84 from 230 to 290 K into 
the equation 

Cp = exp[ - 0.068046(ln T)3 + 1.22053(ln Tf 
- 6.28566(ln T) + 13.7864] J mol- l K- 1

• (21) 

The rms deviation was 0.6%. Equation (21) was used to de
termine recommended data from 130 to 441 K. These data 
are listed in Table 41. 
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2.2.19. Poly(o-methylstyrene) and Poly(o-chlorostyrene) From 10 to 50 K, the preliminary data were obtained 
from the Tarasov equation reported by Lebedev and Rabino
vich80

: 

C = 5R [D ( 476 ) _ 333 
pIT 476 

X {Dl( 3~3 ) -D3( 3~ )}]. (22) 

These preliminary data are also listed in Table 41 in paren
theses. 

The heat capacity data on sample 83 above 441 K are 
recommended for the heat capacity of molten poly(a-meth
ylstyrene}. The data are listed in Table 41 and plotted in Fig. 
6. 

Only low temperature heat capacity data (1.6 to 4.0) K 
have been reported by Zoller et al.81 for amorphous poly(o
methylstyrene) and poly(o-chlorostyrene). Heat capacity 
measurements which meet our standards of acceptable data 
(discussed in Ref. 1), were made on commercial samples 
(Dow Chemicals) by the heat pulse method (claimed uncer
tainty 2%). Heat capacity of both the samples could be fitted 
into an equation consisting of Debye and Einstein terms of 
type 

Enthalpy and entropy of amorphous poly(a-methyl
styrene) were calculated by numerically integrating the heat 
capacity data. These thermodynamic functions are listed·in 
Table 41. 

Cp =AT3 +B(8E /T)2exp(8E /T)/[exp(8/T) -IF. 
(23) 

Heat capacity data from their curve fitted equations are rec
ommended and are listed in Table 42. 

Table 42. Recommended heat c<lpacit)' data for· poly(o-methylstyrene) 

and· poly(o-chlorostyrene) in m.J mol-1K- l " 

T(K) Poly (0 -me thyls tyrene) b Poly (0- chlorostyrene) C 

1.6 24.81 29.06 

1.8 37.40 43.50 

2.0 54.07 62.55 

3.0 203.3 234.0 

4.0 460.8 534.5 

arhe table may contain more significant figures than 

justified by both source of data and data treatment. The 

extra significant figures are included only for the purpose 

of smooth representation. 

b C = 0.0458 T3 + Z.72(l4.8/T)2exp (l4.8/T)/[exp(14.S/T)-lJ 2 
p 

c 

-1 -1 
mJ g K 

Cp 0.04(16 T3 + Z.52(15/T)2 exp(lS/T)![exp(15/T)- lj 2 

mJ g -lK- l 

Table 43. Heat capaci ty measurements 0 fp oly(vinyl benzoa tc) 

Investigator Sample no., 
characteri-zation 

Temperattlrf> 
range 

Experimental 
technique 

Source of 
data 

(claimed ui.<-c"rtalntYJ 

Pasquini 
et al. 
(1974) [82] 

18. Amorphous (X-ray) 
My = 133,000 

p = 1. 198 Mg m - 3 

Tg = 347 K 

190-500 DSC 190- 340: 
Equationa 

350-500 b 
Equation 

aA~thors' tabulated data below the. glass transition (190 to 300 K) \iere curve 

fitted into the equation 

C
p 

= 0.5178 T + 8.01 J mol-IK- l (R~!S dev. = 0.2%). 

This equation was used to c21culate the heat capacity of amorphous,glassy poly(vinyl benzoate) 

from 190- 340 K. 

bAuthors' tabulated data above the glass transition (370 to 500 K) were curve fitted 

into the equation· 

Cp = 0.2878 T + 157.35 J mol-1K- 1 (R~lS dev. = 0.1%). 

This equation was used to calculate the heat capacity of molten poly(Yinyl benzoate) 

from 350-500 K .. 

l.J~hvs;;cChem. Ref. Data. Vol..12. No~_L1g8a 
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2.2.20. Poly(vinyl benzoate)s 

Only one investigation82 has been reported in the litera
ture which deals with the heat capacity of poly(vinyl benzo
ate)s. Heat capacities of amorphous poly(vinyl benzoate), po
ly(vinyl-p-ethylbenzoate), poly(vinyl-p-isopropylbenzoate), 

and poly(vinyl-p-tert-butylbenzoate) have been measured 
over the temperature range of 190 to 500 K. The investiga
tion meets our standards of acceptable data (discussed in 
Ref. 1). Details of these investigations are given in Table 43 
to 46. 

To determine the recommended values of the heat ca-

Table 4~. Heat capacity measurements of po1y(vinyl-p-ethylbenzoate) 

Inves tiga tor 

Pasquini 
et a1. 
(1974) [82] 

Sample no., 
characterization 

19. ~orphous (X-ray) 
.Mv 43,600 

p 1.145 Hg m- 3 

T g 330 K 

Temperature 
range (K) 

190-500 

Experimental 
technique 
(claimed uncertainty) 

DSC 
(Unreported) 

Source of 
data 

190-330: 
Equationa 

330-500: 
Equationb 

aAuthors' tabulated data below the glass transition (190 to 300 K) were curve 

fitted into the equation 

C
p 

'" 0.6592 T .. 21.02 J mol-1K- l (RMS dev. = 0.2%). 

This equation was used to calculate the heat capacity of amorphous, glassy 

poly(vinyl-p-ethylbenzoate) from 190 to 330 K. 

b . 
Authors' tabulated data above the glas·s transition (360 to SOD K) were curve 

fitted into th", p.flll"tinn 

Cp = 0.4461 T .. 148.22 J mol- 1K- 1 (Rt.IS dev. = O.H). 

This equation was used to calculate the heat capacity of mol ten poly(vinyl-p-ethylbenzoate) 

from 330 to 500 K. 

Tahle 45. Heat capacity measurements of poly(vinyl-p-isopropylbenzoate) 

Investigator Sample no., Temperature Experimental Source of 
characteri zati on range (K) technique data 

(claimed uncertainty) 

Pasquini 20. ~Ilorphous (X-ray) 190-500 DSC 190-330: 
Equationa 

>40---5-00--0 -
Equation 

et al. 
(1974) [821_ 

"Iv = 43,600 
15-:-1-:-198 ~11.c-m-3. 

T g = 335 K 

aAuthors' tabula teLl data be low the glass trans i ti on (190 - 300 K) were curve fi tted 

into the equation " 
Cp = 0.6831T .. 31.7 J mol·-1K- l (R;'fS dev = 0.3%). 

This equation was used to calculate the heat capaci ty of amorphous, glassy, poly(vinyl-p

isoprop)'lbC'n;:oatc) rrom 19()·.\30 K. 

hAuthors' tabulated data above the v.la~~ transition (~<;O-<;OO K) " .. r .. rurvI' fitted into 

the equation 

Cp = 0.4775 T + 167.15 J m01· 1K,1 (RMS dev = 0.1%). 

This equation was used to calculate the heat capacity of molten poly(vinyl-p- isopropyl benzoate) 

from 340-500 K. 

Investigator 

Pasquini 
et al. 
(1979) [82J 

Sample no .• 
characteri zation 

21. Amorphous (X-ray) 
~'v : 91,500 

p 1.112 Mg m - 3 

Tg ·394 K 

Tempera ture Experimen tal Sour.-" of 
range (K) technique data 

190-500 

--·(claimed·-urrcertainty) _. 

DSC 
(unreported) 

190-390: a 
Equation 

4~~~!~~onb 

aAuthors' tabulated data below the glass transition ·(190 to 370 K) were curve fitted 

into the equa tion 

Gp = 0.8218 T + 26.51 J mol-lK- l (RMS dev " 0.3%). 

This equation lias used to calculate the heat capacity of amorphous, glassy, poly(vinyl-p

tert-butylbenzoate) . 

b Authors I tabulated data above the glass transi tion (410 to 500 K) liere curve fitted 

into the equation 
C = 0.6569 T + 151.88 J rnol-lK- l (RMS dev = 0.1%). 

P 
This equation was used to calculate the heat capacity of molten po1y(vinYl-p-tert-uutylbenzoate) 

from 400 to 500 K. 

J. Phys. Chem. Ref. Data. VoL 12. Nn.1. 1QA~ 
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Table 47. Recommended heat capacity data for 

a tranSl' tl' on in J mo1-1K-1 f Eoly(vinyl benzoate)s below the glass 

T(K) l8b 19 c 20d 21 e 

190.0 106.4 146.3 161. 5 182.7 

200.0 111.6 152.9 168.3 190.9 

210.0 116.8 159.4 175.2 199.1 

220.0 121. 9 166.0 182.0 207.3 

230.0 127.1 172.6 188.8 215.5 

240.0 132.3 179.2 195.7 223.8 

250.0 137.5 . 185.8 202. 5 232.0 

260.0 142.7 192.4 209.3 240.2 

270.0 147.8 199.0 216.2 248.4 

280.0 153.0 205.6 223.0 256.6 

290.0 158.2 212 .2 229.8 264.8 

300.0 163.4 218.8 236.7 273.1 

310.0 168.6 225.4 243.5 281. 3 

320.0 173.7 232.0 250.3 289.5 

330.() 178.9 238.5 257.1 297.7 

340.0 184.1 305.9 

350.0 314.2 

360. (} 322.4 

370.() 330.6 

380.0 338.8 

390.0 347.0 

aSample numbers correspond to the samples described in 

li1U 1".:; 43 to 46. 

b po1y (vinyl benzoate) 

C poly (vinyl' p' ethyl benzoa te) 

d poly (vinyl. p- isopylbenzoa tel 

e po1y (viny l-p- tert-butylbenzoate) 

-fThe ·tabIe--may·-coiltiiln -more sTgriHTc-ant--ngure·s-tfian 

justified by both source of data and data treatment. The 

extra significant figures are included only for the purpose of 

smooth representation. 

pacity of amorphous, glassy and molten poly(vinyl benzo
ate)s, the data below the start of the glass transition and 
beyond the end of the glass transition were separately curve 
fitted into linear functions and extrapolated to the glass tran
sition temperatures. These recommended values are listed in 
Tables 47 and 48 and plotted in Fig. 7. . 

3. Conclusions 
The heat capacities of poly-I-butene, poly-l-pentene, 

puly-l-hexene, polyisobutylene, poly(4-methyl-l-pentene), 

tables 

Table 48. Recommended heat capacity data for molten 
-1 -1 f 

po1y(viny1 benzoate) s in J mol K • 

T(K) 

330.0 295.4 

340.0 299.9 329.5 

350.0 258.1 304.3 334.3 

300.0 ZOl.O 308.8 339.1 

370.0 263.9 313.3 343.8 

380.0 266.7 317.7 348.6 

390.0 269.6 322.2 353.4 

400.0 272.5 326.6 358.2 4l4.6 

410.0 275.4 331.1 362.9 421.2 

420.0 278.2 335.6 367.7 427.8 

430.0 281.1 340 .. 0 372.5 434.3 

440.0 284.0 344.5 377 .3 440.9 

450.0 286.9 348.9 382.0 447.5 

460.0 289.8 353.4 386.8 454.1 

470.0 292.6 357.9 391.6 460.6 

480.0 295.5 362.3 396.4 467.2 

490.0 Z9S.4 366. S 401.1 173.9 

b poly (vinyl benzoate) 

cpoly (vinyl-p- ethy1benzoa te) 

dpoly (vinyl-p- isopropylbenzoate) 

e poly (viny 1- p- tert- buty Ibenzoa te) 

f Tlle table! may contain more !-1ignificant [igure~ thun justified 
by both source of data and data treatment. The e!xtra 5ignificimt 
figures are included only for the purJ1o~e of smooth representation. 

Cp 

I?VBBZl4 
~ PVPBZ 

400r-~-'-~---+---+---+---r-~~~--~ 

(Jmor'K-') 
300 

100~~--~--~--~--~--~--~~ 
150 200 250 300 350 400 450 500 550 

Temperature (K) 

FIG. 7. Recommended heat capacity data for poly(vinyl benzoate) (PVBZ), 
poly(vinyl-p-ethylbenzoate (PVEBZ), polY(vlnyl-p-isopropylbeJl
zoatc) (PVPBZ), and poly(vinyl-p-tert-butylbenzoate) (PV1}1,lZ). 

polYQutadiene, cis-l, 4-poly{2-methylbll~diene), p~lycycIQ
pentene, poly(vinyl fluopde), poly(viny}ideneflu()ride), po~y
trifluoroethylene, polytetrafluoroethylene, poly(vip.yl chlo
ride), poly(vinylidene chloride), polyc~orotiifluor<>ethylerie, 
poly(vinyl alcohol), poly(vinyl acetate), poly(q-iqethyls'tyr
ene), po}y(o.,methylstyrene),' poly(o~c~lorostyrepe), poiy
(vinyl benzoate), poly(vinyl-p-ethylbenZoate'), poly(yinYl~p
isopropylbenzmite), and poly(vinyl-p-tert-butylbe!1zoate) 
are reviewed on the basis of 62 measurements repoi1(!d in 'the 
literature. A set of recommended data is derived for~ each 
polymer~ .Entropy anc1 enthalpy functions hav¢ been derived 

J. Phys. Chem. Ref. Data, Vol. 12, N9.1, 1983 
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Table 49. Heat capacity change at the glass transition 

Poly-I-butene 249 23.1 

P01y·1·pentene 233 27.0 

P01y-1-hexene 233 25.1 

Polyi'sobu ty lcne 200 '21.3 

cis -1,4- Po Iy (2-methy1 butadiene) 200 30.0 

Polycyc 10pentene 173 28.9 

PoIy(viny1 chloride) 35.4 19.4 

P01y(viny1 acetate) 304 53.7 

Poly( Ct -methyls tyrene) 441 2S.3 

Po1y{vinyI henzoate) 347 69.5 

Po1y(vinyl-p-cthyIbenzoate) 330 56.9 

Poly (v inyl- p- isopropy1benzoate) 335 66.6 

Poly(vinyl- p' tert-buty1benzoate) 394 60.4 

for poly-l-hexene, polyisobutylene, cis-l, 4-poly(2-methy 1-
butadiene), poly(vinyl chloride), and poly(a-methyl styrene). 

Recommended heat capacity data on these polymers 
are being analyzed in terms of their chemical structure to 
derive heat capacities of various structural units towards an 
updated heat capacity addition scheme.8

6-88 The results of 
this analysis will be reported at a later date. 

Heat capacity changes at the glass transition, for poly
mers discussed in this paper, for which recommended heat 
capacity data are available iIi their glassy and molten states 
are listed in Table 49. These LlCp(Tg) data are being ana
lyzed, along with Ll Cp (Tg) data for other linear macromole
cules in terms of the hole theory of the glass transition. 17,87 

The results of this analysis will also be discussed at a later 
_g@.t~·_ 
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